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INTRODUCTION 
The requirements for K fertilization of com (Zea mays L. ) have 
been fairly well established for most Iowa soils, but a constant need 
exists for some réévaluation in terms of changing management practices, 
economic conditions, new genetic materials, insect and disease incidence, 
and other production factors. Such studies need to be concerned not only 
%ith total yields but should attempt to consider the influence of K 
fertilisation on the various individual comgwnents controlling plant 
3rield and quality. 
Despite th© introduction nf improved hybrids, poor stalk quality and 
associated plant lodging continue to be problems in com production under 
some conditions. Many factors, some genetic and others environmental, 
contribute to stalk and root lodging resistance or susceptibility in 
com, Mong the genetically conditioned aspects of lodging resistance 
â?e numerous morphologiesl traits, anatomical stuctures, and inherent 
resistance to insects and plant pathogens. 
Although soil fertility may not be the most important factor affecting 
stalk quality ar«i lodging, it dees have a significant effect and is one 
factor within control of the com producer. Much research has been 
conducted in vAich fertility treatments have been observed to markedly 
influsncs lodging ef field com* lodging resulting from poor fertility 
Ms usssâlly been associated %ith low 1©««18 of K- Evidencs indicates 
that N fertilisation, especially if in excess compared idth K, 
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Increases lodging* While K fertilizer usage has increased in recent 
years, the usage of N fertilizer has increased more rapidly. The use of 
higher rates of N fertilizer may have offset the success of the plant 
breeder in his attempt to identify superior stalk quality and stalk 
lodging resistance traits. Additional information is needed regarding 
the level to lAich K influences stalk quality and the mechanism of its 
action. 
The trend toward higher plant population in recent years has often 
accentuated the lodging problem, possibly because of more stress on the 
soils ability to supply the required nutrients and xess mechanical 
resistance of smaller diameter plants. Evaluation of the fertility 
needs of plants grswn at higher plant populations is needed both from 
a yield and stalk quality standpoint. 
Considerable interwat has rsccntly developed regarding the potential 
for prolific»type corns in the North Central states, lAere single-ear 
hybrids are the standard type. Prolific l^brids have been shown to be 
less subject to genotype by environmsnt interactions than adapted 
single-ear types. Some of these hybrids have shown excellent yielding 
potential in tests but have teMed to havs poor stalk quality under 
marw growing conditions. Even %ith adequate N and P on soils deficient 
in exchangeable K there Ima bssn ticeus breakdown in the stalk leading 
to lodging problems by maturity or harvest time. It %as thought that 
these hybrids would make excellent test crops for further study of the 
effect of K on lodging and stalk quality am ehangss in the K needs 
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for variable plant populations from a yield standpoint. Such information 
should be useful to growers considering the use of these hybrids, as well 
as to plant breeders continuing woric on their development. 
This study was carried out in order to further characterize the 
effect of K fertilization and plant population upon the growth, 
standabllity, chemical composition, and yield of several com hybrids. 
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REVIEW OF UTERATURE 
Poms of Soil K Used as a Criterion in 
Determining Plant Responsiveness to K Additions 
In soil, K occurs in three forms: (a) soluble K, (b) exchangeable 
K, and (c) nonexchangeablo K that is present either as an original 
constituent of the soil particles (native K) or as added K that has 
been fixed. The exchangeable K is that K which can be displaced fron 
the soil by using neutral 1 N NHj^OAc solution as an extracting agent 
while the nonexchangeable K is that lAich is not extracted by such a 
treatment. 
An equilibrium exists among the various forms of soil K, Tli© 
soluble and exchangeable forms are regarded as being readily available to 
plants whereas the nonexchangeable is not. The amount of K in the soil 
solution at a given time is usually not sufficient to meet the major 
part of the requirements of a crop. During a cropping period plants may 
deplete the soil of %atar soluble and exchangeable K until they are 
below the equilibrium Isvslsi As a reeiilt. some of the nonexchangeable 
K may be released to exchangeable and water soluble forms and therein 
become available to the plants. Thus, the productiveness of a soil, 
with respect to K, aust depend to a large extend on its ability to 
maintain a eoncsntratien of K In th# soil solution adequate to meet the 
demands of the plant. 
Â nuabsr of investigations have been conducted in an effort to 
relate a particular fom or forms of soil K to that available for 
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plant utilization© Good discussions on the equilibrium between the 
various forms of K in the soil are to be found in the reviews of 
Roitemeier (1951) and %.kland@r (195^)• Nelson (1959) compared several 
methods for evaluating the K status of some Mississippi soils. The 
best correlations between K uptake by plants and the amount of extracted 
soil K were obtained with those chemical methods measuring exchangeable 
K. 
Evidence indicates that the exchangeable K in soil should be 
determined with _ield moist samples» The voxk of Leubs et al» (1956) on 
13 loHS soils with com. field studies with alfalfa on soils of the 
North Central region of the United Statesj Ontario, and Alaska by 
Hanway et al. (I96I), greenhouse studies with millet on soils of the 
North Central region of the United States and Alaska by Barber et al. 
(1961) and field studies with com on soils of the same région ty Kanvsy 
et al. (1962) all show that K uptake by crops correlates better with 
fiXRhangaable K determined on moist soil than on air dry or oven dsy soil. 
Influence of K Added in Organic Residues and 
Fertilizers on the K Content of Soils and Yields 
Potassium is not definitely known to be Incorporated into organic 
compounds essential for the existence of the plant. It oeours in 
plants primarily as soluble inorganic salts0 À considerably amouiit of 
K may be returned to soils each year in the unharvested portion of the 
above ground parts of plants as well as the root system. 
The beneficial effect of K added in crop residues on the more 
available forms of soil K has been recognized for quite some time. 
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Conner and Abbott (1912) noted improved yields as a result of fresh straw 
turned under in studies of "black soils" in Indiana. Several investigators 
(Harper, 1925» Hunter and Hammer, 1952; and Soars, 1933) have demon­
strated that K added in the form of mulching material or crop residues 
enhances the more available forms of K in the soil. 
Wander and Gourley (1938) presented data which show the exchangeable 
K level in soils to be very high to a depth of from 24 to 32 inches as 
a result of maintaining a heavy #ieat straw mulch on orchard soils for 
a period of 22 to 38 years. Moser (19^2), reporting on the influences 
of legtsainous plant additions, found that eight annual applications of 
rye and vetch, in rotation with cotton, increased the exchangeable K 
level in soil from 64 to 10? ppm. Three annual applications of four 
tons of crimson clover, incorporated or added as a mulch, increased 
exchangeable K levels from 5^ to 145 and 54 to l42 ppm, respeciivôîyo 
Grimes and Hanway (1967a) have shown that the K in crop residues is as 
avsilable for plant utilization as is K added as KClo It was shown that 
essentially all of ths K contained by com stalks had diffused into soil 
within 72 days when residues were placed in close contact with moist 
soil. In an experiment conducted to study the effect of crop residues 
and seasonal chopping on sxchangsabls soil K Grimes and Hanway (1967a) 
fôartu that increasing the duration of meadow in the crop rotation 
extensively reduced the exchangeable soil K. The addition of 25 pounds 
of K per acrs for each year of meadow beyond the first was not 
sufficient to offset the removal of K in the hay crop. Miere 25 pounds 
of K per acre were added each year to continuous com, the exchangeable 
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K level of the soil was maintained considerably higher than for plots 
having one or more years of meadow in the crop rotation. IffiLthin a 
specific crop rotation the exchangeable K level increased because of K 
additions from com residues and declined when meadow was grown in the 
sequence. This effect resulted in a cyclic trend within the rotation 
and indicates that the exchangeable soil K level strongly reflects K 
additions from crop residues. 
Hoover (19^3) sampled soils from 10 locations ïdiere fertilizer 
tests had been conducted in various parts of Mississippi, and found that 
K accumulated in the A horizon in replaceable foasa when applied annually 
in excess of the plant needs and that this accumulation increases as 
the rate of application increases. Hoover also found that on soils 
having less than 0.20 milliequivalents replaceable K per 100 grams of 
soil (156 pounds per acre), cotton may bo ôxpeetôd to rsspond to the 
application of K if the supply of N and P is ad^uate. On soils having 
more than 0e30 milliequivalents replaceable K per 100 grams of soil 
(234 pounds par acre), no response to K fertilizer may be ©xpectsd. 
inters (X9^5) correlated the levels of available soil K and the response 
from K fertilization on field experiments conducted with five crops in 
severs.! sections of Tennessee. The average yield incrsases from K 
fertilization were greater In every case on the B0II0 with the lo^sr 
exchangeable K levels. The yield-response curves for all crops studied 
indicated the following approximate levels of exchangeable soil K above 
which K fertilization ceased to give significant increases in yield: 
com, 155 pounds per acre; alfalfa, I6O; cotton, 185> tobacco, 190; 
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Irish potatoes, 220» Bray (19^^) fotmd the K requirement for com on 
Illinois soils to be 155 pounds per acre. In a study in ^ Aich K 
fertilizers were applied at different rates for com in six North 
Central states during 1957 and 1958 Hanway et al» (1962) found the 
average increase in K content of the plants resulting frm K fertilizer 
application was equal to 23 percent of the amount applied. Uptake of K 
fertilizer was inversely related to the level of exchangeable K in the 
soil. Grain yields mre increased significantly by K fertilizer appli­
cations in only 11 of the 4l field experiments that were harvested. 
Thsrs were no significant yield increases where the exchangeable K 
level exceeded 160 pp2m except on an organic soil which had 192 pp2m of 
exchangeable K. Barber et al. (1961), working with com, found that 
above a value of 200 pounds of exchangeable K per acre there was no 
response to applied K. Peck et al. (1965) xôund that soil K accusylated 
to medium-high levels in the soil during 7 y®ars of K fertilization. 
Eight yea?? after no further application of fertilizer there %2.s still 
a significant residual effect of exchangeable K in one of ths two fields 
ussd in the study. Barber (1970) studied the effect of K fertilization 
on the firsty second, and third com crops following ths application on 
Chalmers silt loan soil» The results of the eiqpsriasr.t indicated that 
at rats s scssnonly us«d by farmers the effect ox K will last fer only tv> 
years on soils similar to Chalmers silt loam where the initial soil test 
%as at the 160 pound level. Because this soil fixes K in an unavailable 
form, Barber concluded that it may be feasible to get an effect lasting 
more than two years on soils which fix less K. W^ite and Doll (1971) 
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found that K additions of 2 to ^ «5 pounds were required to increase the 
exchangeable K level 1 pound depending upon the soil texture. Soils 
with high percentages of clay required more K fertilizer to increase the 
exchangeable K levels in the soil because of K fixation» In a 2" + 2n + 1 
central composite design involving five levels of N, P, K, and limestone 
applied to continuous com during a period of eight years, Bohling 
(1971) found that the increases in the exchangeable K level in the soil 
were proportional to the amount of fertilizer K applied. No response to 
applied K was found when the level of exchangeable K exceeded 
approximately 200 pounds per acre. 
Influence of Soil Fertility on Lodging of Field Corn 
The effect of K on lodging of com has been the subject of numerous 
investigations; Lang and Baurar (1939) found a great variation among 
corn l^brids with respect to K utilization» In a study of two hybrids 
on K-d©ficient and K°suppli@d soil, thsy found that both hybrids lodged 
badly whsn grow, on K-daficient soil and that on K-suppiisd soil one 
hybrid continued to lodge but the other showed little lodging, 
Krants and Ghandls? (1951) found that additional applications of K 
fsrtilizsr to soil with sufficient K to cause no deficiency symptoms did 
not affoct yield or lodging» When K was applied to soils on which 
plants showed deficiency symptoms, lodging and stalk breakage was 
decreased and yield was increassd. Hitrog«n applications aaîicedly 
increased yield, but caused only a slight increase in lodging. The 
authors reported that the N treatments did not greatly influence lodging 
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until plant populations reached the 15,000-20,000 plant per acre range. 
They concluded that low levels of K, high plant populations, and 
varietal differences ware all of greater importance in their effect on 
lodging than was the application of N. 
Wittels and Seatz (1953), using rates of N of 60 and 120 pounds 
per acre, observed no further consistent decrease in the amount of 
stalk breakage or yield increase over the check plot at K applications 
greater than 4'0 pounds per acre» At the lower K level, stalk breakage 
was less severe in the low Df treatments than in the high N treatments. 
Otto and Everett (1956) reported that in general the severity of 
stalk rot increased with increased applications of H and decreased with 
an increased supply of K. Where the N:K ratio was balanced, stalk 
rot was less severe than when an excess of N was present. They 
concluded that from their study, it appeared that the grsatsst prcniss 
for control of stalk rot lies in the use of resistant hybrids on soils 
Hhere th« N supply is not exceedingly high in relation to K supply» 
Foley and (195?) reported that applications of N alons 
greatly increased the severity of intemodal rot, stalk breakage, and 
premature dying but that application of K alone had the opposite effect. 
VTriBii the N and K level !%s high, the addition of F had no effect on 
dcvelopsient of internal rot and the amount of stalk bMâkàge, but it 
did increase the amount of premature dying. 
PI she r and Smith (I960) grew com at 8,000 plants p* acre and 
concluded that lodging was significantly increased by applications of 
N alone or in combinations with P. Potassium reduced lodging significantly 
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when applied laith N and Pa Maximum lodging (70^) occurred with 120 
pounds of N per acre and 66 pounds of P per acre applied in the absence 
of fertilizer K. The addition of K to this combination reduced lodging 
to 34^, ïrtiile grain yield increased 28 bushels per acre. Koehler 
(i960) also found that the percentage of rotted stalks increased with the 
application of U alone or in combination with P. But when K was 
applied in combination with N and P, stalk rot percentages decreased. 
Studios by Murdock, Stangel, and Doersch (1962) show little or 
no effect of N, P, or K alone on lodging, however, the combination of 
high levels of N and P without K produced about 65 percent lodged com. 
Applications of K along with N and P reduced lodging to about I5 percent. 
Observations made on stalks from the badly lodged plots indicated the 
presence of stalk rot. 
In a 2-year study Josephson (1962) obtained vazy high correlations 
(r = .93 and .98) between the percent of senescent stalks at harvest 
and perçant stalk breakage® H@ reported that addition of K decreased 
psrcsr-t senescent stalks and lodging» 
ilebhardt and Murdock (1965) observed that K deficient resulted 
in severe lodging of two distinct types. Root lodging, due to 
rôstrictsd braes root development and root failure, occurred early in 
the seasons St&lk breaking occurred later in the and due 
to stalk parenchyma disintegration. Potassium deficiency resulted in 
breakdown of parenchyma tissue in both roots and stalks. 
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Methods of Evaluating StaUc Quality in Com 
The incidence of stalk breakage in the field is a complex 
ph@n<menon« The process itself is affected by the interrelationships of 
various factors, and the evaluation is usually confounded by numerous 
variables of the environment. The field-count method served satisfacto­
rily in the past as evidenced by the improvements lAich have been made. 
The field-count method, however, is seriously dependent upon environ­
mental forces» Optlmm enviroimental forces do not occur with 
satisfactory frequency. Continued improvement for lodging resistance 
depends upon evaluation techniques which are largely independent of 
environmental forces. 
Mechanical methods which are related to field stalk breakage of 
com have been used for measuring strength of stalks. Durrell (19^5) 
placed stalks horizontally on Z supports spaced 6 inches apszH:, with the 
node midway bstwson themo He applied downward pressure on the ned© lîith 
a lever device and r-eeordsd braaking strength of the first five nodes 
abevs the groundo lower to higher nodes, strength decreased 
successively. Nodes showing fungal infection had about one-half the 
strength of uninfected nodes. 
Mclbstis arid MaeLachlan (191^) determined strength of four 
suQcessiva intemodss per plant by breaking, crushing, and penetration 
measurements. Resistance to breaking, crushing, and penetration decreased 
successively from low to high intemodes. Resistance of intemodes to 
crushing appeared to have the highest correlation with resistance to 
lodging. 
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Jenkins (1930) evaluated the relationship between the breaking 
strength of stalks and percentage of plants broken in the field in 
46 selfed lines. Breaking strength was measured on a machine designed 
and built for that purpose. The correlation coefficients for the 
breaking strength at three intemodes and field stalk breakage were: 
3rd intemode - 0.5766, 4th intemode - 0,5588, and 5th internode 
- 0.4915. 
Jenkins and Gaessler (1932 J found in comparing the short diameter, 
long diameter, and cross section area of an intemode that the short 
diameter gave the highest correlation with percentage of broken plants 
in the field. 
Foley (1962) determined strength of 4 of the lower intemodes of 
com hybrids varying in resistance to stalk rot by measuring the force 
required to break 6-inch sections0 Nina hybrids tested at various times 
during Augusts Ssptember, and October had strong stalks in August 
regardless of susceptibility to stalk rot. In October, stalks of 
STJ.seaptibl® hybrids had deteriorated due to stalk rot to as much as 
one-fifth of the original strength. The lower internode had greater 
inherent strength than upper ones, but they suffered a great psrcsr.tags 
loss in diseased plants. In susceptible hybrids, losses of stalk strength 
wars evident in late August, usually prior to the appaarsncs of typical 
symptoms. 
Zuber and Grogan (I96I) evaluated the association between stalk 
lodging and various stalk characteristics. Highly significant, 
negative correlations were found between stalk lodging and breaking 
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strength of the second intemode, stalk lodging and dry weight of a 
2-inch section of the second intemode, stalk lodging and thickness of 
rind of the third intemode, and stalk lodging and crushing strength of 
the third intemode. The general description of the techniques for 
measuring crushing strength and rind thickness was presented the 
authors and also by Zubsr and Loesch (1962)0 
Loesch, Calvert, and Zuber (1962) found that rind thickness was 
not affected by Diplodia maydis infection, but stalk-crushing strength 
of lodging-susceptible single crosses was reduced. The authors 
concluded that selection fer- stalk strength psr se by measuring the 
thickness of rind, crushing strength, and selecting for resistance to 
stalk rotting organisms offered an excellent opportunity to develop 
com hybrids with superior stalk lodging resistance. 
Thompson (1964) suggested that any intemode below the ear would be 
satisfactory for determining crushing strength, rind thickness, inter-
r.cds diâsiéter-, and Intsrncde length ^ that «ampling should be confined 
to a specific intemode for all plants, and that data should be obtained 
from mere than one location for crushing strength and rind thickness. 
Thompson (1970) reported that specific gravity computed as dzy 
weight/green volume of ^O-mm stem sections of com wss significantly 
correlated with stalk lodging, stalk ret rating^ and eryshing strength. 
Loesch (1972) found that the weight of a 2-inch stalk section was 
well suited for rapid scî^sning purposeso Highly significant, 
negative correlations were found between stalk lodging and weight of 
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stalk section, stalk lodging and crashing strength, and stalk lodging 
and rind thickness. 
As early as 1957» Pappells {1957) correlated reslstence to stalk rot 
with the density of pith tissue in the com stalk. %song and Hooker 
(1966) concluded that senescent tissue was incapable of resisting 
invasion or spread of stalk-rotting organisms. Cloninger et al. (1970J 
compared the stalk crushing method, the Diplodia stalk rot rating 
method J and the pith condition method of deteiroining stalk quality in 
maize. They concluded that all methods were valid estimates of stalk 
quality. 
Miller and (197^) concluded that the selection for pith cell 
death should be an effective tool for selection of superior standing 
lines. 
Interaction of K with Other Nutrients 
The most frequently observed interactions of K with other nutrients 
is the interaction ôx K with Ca and ng. additions of K vlll frsq*4sr,tly 
reduce the Mg content of the com plant and may induce a Hg deficiency 
on soils low in Mg. The negative correlation between Mg uptake and 
exchangeable K is frequently better than the positive correlation 
between Hg uptake and exchangeable Mg. 
Stanford et al- (10^2) emphasise that the antagonistic affect of 
K on tha absorption of Ga and Mg beeomee pronouncGd with increasing 
concentrations of K and caused a reduction in the absorption of thss© 
divalent cations. This phenomenon led Walsh and O'Donohoe (19^5) 
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to conclude that the soils on which they observed Mg deficiency had 
ample exchangeable Mg but too high a level of K« Prince et al. (19^?) 
considered the «^liability of soil K to be the most important factor 
influencing plant absorption of Mg. If there was an abundant supply 
of available K in the soil the Mg content of the plant was relatively 
low. 
Reciprocal effects of Mg and K were found by McLean (1950) in a 
study of cationic activities in clay suspensions» Except in the 
halloysite system, the fraction active of Mg decreased rapidly with 
increasing K sAtupation- paHbiadArly in ths BontmoriUenite 
system where Mg activity was too low to be measujred when more than 
5 percent of the exchange complex was occupied by K» In 
Missouri, Graham et al. (1956) found that a response to Mg fertilization 
is expected when the percent Mg saturation of soils drops below 10;^ 
of the exchangeable cations. 
Eoswell and Parks (1957) studied the effects of K fertility levels 
on yield, lodging^ and inineral composition of five com hybrids. In all 
hybrids, increased K fertilization generally decreased the leaf content 
of Ca and Mg, but did not affect the P content appreciably. The K 
content of the plants in the check plots was approximately 1,2^, Ca 
0:6$; Mg Oî9$; and P 0,1^. whereas in plots with high K fertilization, 
the K content was about 3*5^6, Ca 0«5^» Mg 0.2$, and P 0.3^« At the 175-
and 275-pound KgO levels 9 the milliequivalents of total cations were 
almost a constant for all sampling dates. 
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Foy and Barber (1958) conducted field experiments on two acid, 
sandy loam soils of northern Indiana to determine the influence of 
Mg, calcitic lime, and K on yields, Mg deficiency symptoms, and leaf 
composition of com. On one soil K treatments induced widespread Mg 
deficiency symptoms. Their identity was confirmed ty low Mg and high K 
contents of leaves. The occurrence of Mg deficiency symptoms was not 
accompanied by a reduction in com yield. 
Gorsline et al. (1961) found that differential ear-leaf accumulation 
of Ca, Mg, and K existed for single crosses and inbreds of maize. This 
differential accumulation was highly inherited on essentially an 
additive basis in respect to Ca and Mg but included nonadditive elements 
for K. Location effects for Ca, Mg, and K existed that were related to 
the amounts of these elements in the soil. Baker et al. (1966) also 
studied the range in K, Ca, and % among different gsnctypesé The 
range between the low and high values for the different elements was 
as follows: K, 29 meq; Ca, 29 meq; and Mg, 22 meq. Eableton (1966) 
has listed many crops reported to develop Mg dôîiclwicy dus to K 
additions to soil or culture medium. 
The theory of cation- and anion-equivalent constant^ has bssn 
frequently expressed and numerous data are available supporting this 
contention in varying degrees. According to this idsa, ac & plant 
absorbs greater quantities of a particular ion, a corresponding chemical 
equivalent decrease occurs in the absorption of other ions of like 
charge. Van Itallie (1938) showed that when rye grass was grown on a 
soil receiving different quantities of calcium, potassium, magnesium. 
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and sodium, the relative absorption of the individual cations changed 
markedly with the treatments but the sum of the four elements in the 
plant, expressed in chemical equivalents, ranained essentially constant. 
Bower and Pierre (ipW^) applied K to several différait crops grown on a 
"high-lime" calcareous soil. Potassium additions decreased the Mg 
content of the crop and increased yields. With com the Mg content 
decreased 52 meq and K increased 58 meq while yields were more than 
doubled. The cation sum in the case of com did not change significantly. 
Bear and Prince (19^5)» Lucas and Scarseth (194^7), Vfellace, Toth, and 
Bear (19^8), York, Bradfield, and Peech (195^)* Bosweli and Parks (195?)» 
and others have obssrvsd that the total number of equivalents of the 
cations absorbed by many crops may remain relatively constant despite 
wide variations in absorption of individual cations. 
Effect of Plant Population on the 
Performance of Com Ifybrids 
Plant population experiments with com have been conducted at many 
of the agricultural experiment stations in this country» Morrow (1891) 
summarized early experiments in Illinois by stating that com can be 
planted either too thick or thin, and that ths optimum rate imrles with 
latitude, soil, and varisty, Richsy (1933) summarized ejqjerlments with 
open-pollinated varieties lu ths Unitsd States and concluded that the 
optimum stand of com becomes heavier as one proceeds from genetically 
larger to smaller plants, from low to high moisture supply, and from low 
to high soil productivity. 
Previous studies on plant populations and stand irregularities in 
general have shown certain patterns. Dungan et al. (1958) have summarized 
the literature on the subject. A decrease in area per plant was usually 
accompanied by a decrease in weight of grain per plant and ears per plant, 
and an increase in stalk breakage and days to mid-silk. This is no doubt 
caused by a decrease in the supply of environmental factors of yield that 
each plant is forced to share with its competing neighbors. 
A study hy Bryan et al« (19^0) revealed that plants from the 
highest rate of planting (20,000 plants per acre) produced the smallest 
ears and the fewest ears per 100 plants. The smallest number of plants 
per acre (10,000) produced the largest ears and the most ears per 100 
plants. Other spadngs were intemediate in ear size and number. The 
difference in yield between the highest and lowest population was 
3.1 bushels, which was not significant. The reduction in ear size and 
numbar was offset by the greater nimber of plants at the higher 
populations. Planting rate also had a decided effect on the incidence 
of lodgings Lodging was most savers at the highest plant density and 
decreased significantly as plant density decreased. 
Plant spacings of 1, 2, 4, 8, 16, 32, 48, and 64 inches were used 
by Kaynss and Sayre (1956) to study the effect of within-row competition 
on sawaral plant characters of com. Each plant spacing was represented 
by a single-=row plot 75 feet long. An interspacing between plots of 
6$ feet was provided as a safeguard against between-row influence. The 
authors found an increasing number of barren plants combined with 
decreasing weight per ear at the excessively close plant spacings. The 
20 
largest weight per ear occurred between the 8- and l6-inch spacing 
between plants in the row. The increasing tendency to set more than one 
ear at the wider spadngs caused a decrease in the average ear size. 
Lang et al. (1956) obtained ears averaging 0.71 lb at a population 
of 4,000 plants and 0,54 lb was obtained from 12,000 plants per acre 
which corresponded to the highest average yield for all hybrids at all 
fertility levels. Stalk barrenness was affected more by population 
than by hybrid or fertility level. However, all three factors affected 
barrenness significantly. At the 4,000- and 8,000-plant levels, there 
•was not an earlsss stalk* On the low-nitrogen level soil, 33/^ of the 
stalks were without ears at the 24,000-plant level. voLth the game stand 
on the high-nitrogen level, only l6^ of the stalks were barren. Hybrids 
which showed a tendency to be multiple-eared at low population rates had 
the l6west percentage of barren stalks at the high plant populations. 
WboUey et al, (1962) studied the offsets of plant populations and 
spttCing ps-ttsms on the performancs of four com inbrsds in single-cross 
hybrids, xhe number of barren stalks and days between pollen shedding 
and silking were strongly influenced by plant population. As the number 
of plants per acre increased from 16,000 to 24,000 there was a significant 
increase in the number of days batwssn pollen shedding and, silking. 
Plant bairrwriiiess, which increased linearly as the plant population 
increased had a marked influence on yield at high populations, AH 
hybrids showed a dsersase in seed weight as the population level was 
increased. The differences were not judged to be significant, however. 
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Colvill® and McGill (1962) found that certain disadvantages occurred 
with increased plant populations. Lodged and broken plants, kernel 
moisture, and ear height increased as populations were increased from 
12 to 28 thousand plants per acre. A slight delay in maturity was 
indicated by a 0.3756 increase in kernel moisture as populations were 
increased by 4,000-plant increments. Lodging increased approximately 
2.4)6 with each increase of 4,000 plants per acre. Stalk diameter showed 
a linear decrease with increastog populations. Â difference in ear 
height of 7*5 inches was noted between the 12,000 and 28,000 plant 
populationss The authors pointed out that a higher ear placement would 
put more leverage on the stalk and could aoeount for scnss of the increase 
in broken and lodged stalks. 
Duncan (1958) using data obtained from the literature and other 
sources which gave yields and populations of com showed that %d.thln 
the range of populations studied the relationship between the logarithm 
of the average sield per plant and the population was essentially 
linssra Dunosn hypothesized that for nomal com it seems conservât!ve 
to assume that the linear relationship is maintained between populations 
of 6,000 and 25,000 plants per acre, under usual conditions in the corn 
belts 
The femulA far the relationship is expressed fcy equation (l) âo 
follows : 
Tag y = log E + bP, OP y = BIO^? (1) 
where y is the yield per plant 
22 
K is a constant 
b is the slope of the regression 
P is the population in plants per acre 
Y is the yield per acre 
Since yield per acre is the product of yield per plant and plant density, 
he multiplied the yield per plant equation by plant density to obtain 
an equation for yield per aore. 
Y = yP (2) 
Substituting the value of y from equation (l) givesî 
Y = PKLO^ (3) 
Duncan pointed out that use of such equations penaits estimation of the 
maximum yield of a variety and the plant density pr-oducing that yield 
from trials with as few as t%o plant densities per variety» Duncan also 
pointed out that the relationship and equations should be useful in the 
field of fertility research. In all of the data observed in his study, 
increasing N levels in the soil increased the number of plants needed 
for maximum yield* If com in a N treatment trial grown at a 
single populationJ the effect of the « added would be greatly 
affected by the population chosen. 
Barren (I963) used a similar pattern of equations to describe the 
effects of plant density on yield of fresh market sweet com. These 
equations differed from Duncan's in that the basic equation used a linear 
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relation botwasn plant density and yield per plant, rather than log 
yield per plant. A parabolic function was obtained for yield per 
acre instead of an exponential function. Warren's yield equations also 
can be obtained from as few as two plant populations per variety. 
Most of the information available on stand effects was obtained 
from single-eared hybrids. This infomation may not necessarily apply 
to prolific (multiple-eared) hybrids. Considerable evidence indicates 
that genotypes capable of producing grâin on more than one ear are less 
subject to genotype % enviroment interactions than adapted single-eared 
genotypes. Prelifie hybïlds planted at a low rate may adjust better to 
variable environments than nonprolifio hybrids by producing a single-
ear per plant under adverse conditions and more than one ear when oon= 
ditions are more favorable. Single-eared hybrids adjust only by 
changes in the sise of the ear and to a lesser extent, kernel size. 
Zuber et al. (196O) found prolific=typ@ corn in f^-sse-osd to produce 
nore grain pl^t than the single-ear types rsgardless of planting 
«tô. Planting rates of 8*000* 12,000; and I6.OOO plants per acre «are 
used in their comparisons. The average number of ears per plant decreased 
with increases in planting rates. Single-ear hybrids were strictly one-
ear typôs at 12,000 and 16,000 populations, «Aereaa proHfic types tended 
to bear ssrs one ear per plant at those rates. The greatest z%nge 
in average ear weight was shown in single-ear types. 
Collins ©t alo (196$) showed that the yields of the proHfic-typs 
com used in their study varied less than the yields of the single-ear 
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typo across plant populations of 8-, 12-, 16-, and 20-thousand plants 
per acre. Estimates of the plant population which would produce the 
maximum yield per acre indicated that the prolific-type crosses may 
perform better in higher plant populations than the single-ear type 
crosses. At the 8,000 plants-per-acre population 83^ of the plants of 
the prolific-type produced 2 ears* Second-ear production decreased 
significantly at the 12,000 and 16,000 plant populations. 
Crssîs and Pl^aing (1965) studied the effect of stand on a prolific 
and a nonproliflc hybrid with reference to yield and other agronomie 
chawtot-eristiej?, Held per plant increased significantly with increased 
space per plant %ith both hybrids. a significant incrsass in ear 
size, plants of the prolific-type had a greater increase in yield than 
plants of the single-ear hybrid as space per plant increased. The 
increased yields per plant were not large enough to fully componsâtâ for 
the missing plants, hoyever, and yields per aers decreased significantly 
as plant densities -ware decreased from 11,000 plants per acre. Stand 
and yield redufftlens war® not proportional. Mien the stand was reduced 
to of the check, the yields were reduced to 70 and 6)^ for the 
prolific hybrids, respectively. There was a tendent for increased 
lodging as the number of plants per plot increased, but the dlffarsnGSS 
«ere ineanalstent and nonsignificant. 
Russell (1968) suggested that the advantage of the two=»ear inbred 
linos is not in the production of second ears in the hybrid combinations, 
but in the resistance to barrenness exhibited at higher stand levels. 
Russell found the single-ear type had 11.9$ barren stalks at 24,000 
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plants per acre. Yields were reduced 10.5$ from the 16,000 plants per 
acre planting rate. The prolific-type had only 3.0# barren stalks which 
was not enough to cause a yield decrease from the 16,000 planting iate. 
26 
METHODS AND PROCEDURES 
field Procedures 
Location of sites 
Nine K rate x plant population esqperiments were conducted during 
the 1972, 1973, and 1974 growing seasons. Experimental sites were 
selected on foui^ Iowa State University experimental farms, the Clarion-
Webster Ë]q>erlinental Farm (CWEP) in northcentral Iowa, the Western Iowa 
Experimental Farm (WIEF) in western Iowa, the Southern Iowa Experimental 
Fazm (SIEF) in southern Iowa, and the Bruner Farm which is part of the 
Agronomy and Agricultusal Engineering Field Research Center (AF) In 
central Iowa. The soil types at each location are Webster sllty clay 
loam, Ida and Monona silt loam, Bdlna silt loam, and Webster sllty clay 
loam, respectively. 
In 1971 experiments were conducted on the CWEF and SIEF sites to 
study the effectiveness of several K sources as components in row 
row and broadcast applications. The K sources used in the row were 
applied in combination with different basic levels of plow-down K 
In a split-plot, randomized block design. The plow-down K treatments 
were applied to the whole plots, with the K sources In the row 
serving as split-plot treatments. Each tz^âtsiênt was râpllcâtêd six 
times. Sinco observed source différences were nonsignlflcant, it was 
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decided that these sites, with different established levels of soil 
K, be used to characterize the effect of K fertilization and plant 
population apon the performance of several com hybrids. In 1972 
the plow-down K treatments were reapplied to the same plots at the CWBF 
and SIEP sites and a third experiment was established on the VŒEF site. 
In 1973 the experiment on the SIEP site was of necessity discontinued 
and a fourth experiment was established on the AF site at Ames, Iowa. 
The CWEF, WEEP, and AP sites wsrs used in 1974, also® 
Design of experiments 
The experimental design used in this experiment was a 3plit=>plot 
design with K treatments applied to the whole plots and stand levels 
serving as subplot treatments. Each treatment was replicated six 
tines= 
Three rates of K were used at the CWEF, HIEF, and SIEP locations: 
0, 50» siai 200 pounds of K per aere* An additional rate of 100 pounds 
of % «as Included in the design at the AF site to provide a more 
complete response curve. 
These treatments ^ î=e assignsd to the plots lathin a block in s 
randomized complete block design. A whole plot size of 4-0 x 60 feet 
T": selected to aeeomnodate twelve, 40-inch rows at the CWBF, tîEEF, 
and SIÈF sites and to accommodate sixtssn, 30=lnch ro«s at t-h« AF 
site. 
Ths hybrids wars planted across the fertilizer blocks in three=row 
subplots at plant populations of 10-, 20-, 30-, and 40,000 plants per 
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acre on the CWBF and SIEF sites and at stand levels of 8-, 16-, 24-, 
and 32,000 plants per acre on the WLEF site» Four-row subplots at 
plant populations of 10-, 20-, 30-, and 40,000 plants per aore were used 
on the AF site* Subplot stand treatments were randomized within each 
idiole plotk 
Characterization of plots 
Prior to each fertilizer application, soil samples consisting of 
10 to 15 cores were taken from the 0 to 6 inch layer of each wiole 
plot. Measurements of soil pH, buffer pH, available P and exchangeable 
K were mad© on these samples by the Iowa State University Soil Tasting 
laboratory. The range of the soil test results for the initial samples 
are given in Tgble 1» 
Table 1. Range of soil test values for the initial soil samples taken 
prior to fertilization 
Soil Soil test values 
Experiment type P(pp2m) K(pp2m) pK 
CWEF Webster Sid 33-51 105-141 6.4-7.3 
WIEF Ida Sil 3-21 30—154 8.1-8.2 
Monona Sil 21-6^ 100=144 6=8-8,1 
SIEF Edina Sil 14-36 63-87 A.o-6i9 
AF Webster Sid 10-41 97-181 5.8-6.5 
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Management factors 
The standard cultural practices used on the outlying experiment 
farms were employed in these studies* The general practice was to 
fall plow and to do enough disking in the spring to provide a good 
seedbed. As a soil and water conservation measure, spring plowing was 
practiced on the WIEF site. 
Weed control methods varied to some extent among sites. Chemicals 
as well as cultivations were used in all cases. Where these practices 
were ineffective, weeds were controlled ly hand hoeing. 
All sites received basic applications of approximately 25O pounds 
of N amd 100 pounds of psr acrs sach year# 
The K fertilizer treatments were broadcast ty hand and plowed 
under in early spring at each site in 197%. Potassium chloride was 
used as the source of K throughout the study. In 1973 197- the 
K fertiliser treatments were applied to the experimental plots 
in the fall before plowing at the CWEF site and in the spring before 
plowing at the WIEF site. A spring application of K was sad© in 
1973 at the AF site followed by a fall application for the 197^ growing 
season. 
Ths corn hybrids used in 1972 were Noythrup King Experimental 
r^ bidd a26 on ths CW*S? sits Fars Servies FS86Ô on the STEP and VtEEF 
sitesa In 1973 Farm Service FS860 was used on all sites. A single 
cross hybrid B37 X B70 was planted at all locations in 1974. The hyb^ds 
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war® planted to provide stand levels of 10-, 20-, 30-, and 40,000 plants 
per acre at the CWBP, SIEF, and AF sites. Anticipating less favorable 
moisture conditions at the WuSSF site the test populations were 
reduced to 8-, 16-, 24-, and 32,000 plants per acre. The stands were 
obtained by overplanting and hand thinning to the desired level. 
Planting and harvest dates for each experiment are given in Table 2. 
Table 2» Management factors pertaining to crop planting and harvesting 
and K fertilization at individual sites each year 
Eu^ pôjriuSSîïv Year 
Planting 
Date 
Harvest 
Efete 
K Fertilisation 
Date 
CWBF 1972 May 9 Oct 16 April 25, 1972 
1973 May 12 Oct 25 Nov 17, 1972 
1974 April 30 Oct 24 Nov 6, 1973 
SIEF 1972 May 18 Oct 26 April 18, 1972 
WIBF 1972 May 10 Oct 24 April 13, 1972 
* • f' 'J A*»" A — l A  i G O - a  
1974 April 23 Oct 25 April 9, 1974 
AF 1973 May 23 Oct 30 May 18, 1973 
1974 April 26 Oct 17 Nov 8, 1973 
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Measurement of treatment effects 
Grain yield of corn was measured from the middle row of each 
subplot at the 8IEF, WIEF, and CWEF sites. The harvest area consisted 
of 50 feet of 40-inoh row. At the AF site grain yield was measured 
within a central harvest area of each plot equivalent to 70 feet 
of 30-inch row* The entire sample of ear com was shelled and weighed 
at the CWEF and AF sites. At the SIËF and WIEF sites the sample of 
ear com was weighed and a representative subsample was shelled for 
moisture detemination. A subsample of the shelled corn was collected 
and stored pending measurement of moisture content. These subsamples 
were later weighed and dri®i at 70°C for a period of at least 3 days. 
The moisture content was calculated with an allowance for 3*0^ moisture 
at the oven-dried weight. Grain yields were calculated on the basis 
of 15*5^ moisture. 
At the time of harvest, observations were also made on the number 
of Jîarrens multiple-eared, root-lodged, and stalk-lodgsd plants in 
the harvest area. Plants leaning mora than 30 degress from the 
vertical but not broken below the ear were considered to be root lodged. 
Those broken below the ear were reported as stalk lodged* lodging (or 
total lodging/ is ussd as a colleotive term combining both the stalk 
and root lodged cûtôgoriss. 
Each plot was soil sampled annually to measure the offect of K 
treatments on soil chemical properties with time. The soil samples 
consisted of 10-15 cores taken from a depth of 0=6 inches from the 
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harvest area of each plot. All samples were analyzed for soil pH, 
buffer pH, available P, and exchangeable K« 
The nutrient status of plants receiving the respective treat­
ments was determined from the chemical analysis of leaf samples 
collected from plants in each plot when the corn was near the 75^ 
silking stage. The leaf opposite and just below the ear was removed 
from 20 plants in the harvest area within each plot. These samples 
were dried, weighed, finely ground through a stainless steel screen, 
stored in glass bottles, and later analyzed for total N, P, K, Ca, 
and Mg. 
Stalk samples consisting of the first, second, and third elongated 
internodes above the brace roots were obtained from each treatment at 
the AF location in 1974. Ten stalks were selected at random within 
each treatment on five of the six rsplicatssi 
Length and diameter of the second intemode and pith condition 
ratings of the first, second, and third internodes were determined 
on September 19 and 20, 197^. Stalk diameter and intemode length 
were measured to the nearest 1.0 mm. Pith condition ratings wsre 
taken for three inter-nodss by using a method dsvslopsd by Pappelis 
(19i?r) in "W.ch the amount of dead parenchyma tissue in the pith 
served as an sstiniatc of the percentage of cell death (senescence) 
in the stalk® The rating scale is as followss 
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lo Up to 25 percent idiite tissue in the internode 
2» 26 to 50 percent white tissue in the internode 
3. 51 to 75 percent vdiite tissue in the internode 
4. 76 to 100 percent white tissue in the internode 
Natural stalk rot symptoms and com borer damage were recorded at 
the time pith conditions were rated. The stalks were rated as having 
symptoms if disintegration and (or) mycelial development was observed 
after the stalks had been split longitudinally and the interior of the 
nodes and intemodes inspected. 
Breaking strength measurements of the second internode were determined 
on September 23, 197^= Data from 10 plants for each treatment on five 
of the six replicates were taken. The breaking strength of the stalk 
at the middle of the second elongated internode above the ground level 
was determinGd by means 01 a specdally eonstructad machins dssignsd to 
apply a gradually increasing force against the stalk until breakage of 
the stalk occurred. The stalk to be tested was inserted in a sliding 
two-piece carriage and subjected to the gradually inorsasing lateral 
force. A spring scale simultaneously indicated the amount of force 
applied, and force required to break the stalk was read from a masdaiïM 
valuô indicator on the scales This force- rAcowied in pounds, was 
doïiigiiiitôu Âô ôtôlk ôtrssgth. A photographie illustration and a detailed 
description of the machine was given by Ikenberry (1964). 
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Laboratory Procedures 
Igaf  ana%ys&9 ^  Sjl la. SÎÉ. S, 
Ground leaf samples ware rsdrled for approximately 24 hours at 6$°C 
prior to analysis» Eadi sample «as wet ashed by placing 0*5 g of plant 
material, 10 ml of concentrated ^30^^, and a small quantity of Cu catalyst 
in a 100 ml volumetric flask and heating the mixture on a hot plate until 
digestion was cœaplete. The mixture was then cooled and diluted with 
NHj^-fr@® distilled %at@r to a volime of 100 ml. AUquots of 3 ml were 
used for d@t@zd.nations of N, P- and K, 
Total a content of plant samples «as measured by a steam distiUbtlcn 
procedure similar to that desoribed by Breemer (1965)* The sanqple 
solution was pipetted into & 200 ml distillation flask which was then 
attached to the steam-distillation apparatus. After addition of 
approximately 5 si of 1|I HaOH, steam was allowed to pass through the 
solution until approximately JO ml of distillate collected in a ^0 ml 
Brlemeyer flask containing 5 of iisàiœâtc-r solutisn- This 
solution was then titrated with standard O.OZg, 
Total ? %ââ «atsisinsd & colorimet^Q procedure involving 
vanadc=molybdate solution (Hanway, 1962 )« AUquots of sample solution 
(5 ml) and vanado-aolybdate rsqgent (25 ml) were added to 50 ml tost 
tubes 9 and after allsylng at least one-half hour for color dsTslspssr.tp 
the colo? intensity of ths mixture ?sas rasaaursd «ith a Elett-gwmeraon 
Photoeleotric Colorimster. Calibration curves wass developsd frsa 
standard solutions of KH2P0^. 
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The total K determination was made by adding 100 ml of lithium 
solution (104^.1 ppa Id.) to 5 of digestion solution» Percent E tjas 
then read directly from an IL iPrJ Flame Photometer. The calibration 
curve for the instrument was attained by repeated readings between 
samples vith standard solutions made with KCl. 
Leaf analysis for Ca and Mg 
The digestion procedure consisted of nitric and perchloric acid 
digestion as described by Isaac aikI Kerber (1971 )« Ground leaf samples 
wars rsdxled for apprexdjat-ely 24 hours at 65®C prior to analysis. Plant 
samples weighing 0.2 g wore initially digested in nitzic add. Fefehlorie 
acid was added later to insure complete digestion of all plant matter. 
Following the digestion, samples were diluted to 100 ml with deionissed 
water and stored for analysis. 
Prior to analysis the solutions were further diluted to bring cation 
concentrations into measurable ranges. The solutions were then analyzed 
using a Perkin-EOjner Model 305 Atomic Absorption Spsctïophotssists?- All 
samples and standards included Vjt (w/v) lanthanum (La) added as a 5^ 
solution of 
£. J 
Standard solutions ware prepared from Fisher S^entific Company 
Certified Atomic Absorption Standards. Samples were analysed and plotted 
against standard curves to obtain percentage values for Ca ând Mg* 
Soil analysis 
Soil samples to be analyzed for available F, exchangeable K, soil 
pH; and buffer pH were stored in a field-moist condition at a temperature 
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of l-2°Co These tests were carried out at the lomi State University 
Soil Testing Laboratory on a slurry of 1*2 soil-water ratio made from 
each sample. 
Available P was detennined by extraction with Bray No» 1 solution 
(0a025N Hd and 0.03NI^P) and measurement of color intensity developed 
in a mixture of molybdate and soil-solution filtrate, ^changeable E 
was determined Iqr extraction with neutral, IN NI^OAc and analysis with 
an IL 143 Flams Photometer. Soil pH was measured at the soil-water 
ratio indicated above, and buffer pH was determined according to a 
method reported by Shoemaker et al*, (1961). 
Statistical Procedures 
A preliminary analysis of variance was calculated for each 
experiment in order to determine overall treatment effects and 
replication differences. 
A second degree polynomial was fitted to the data from each 
esqperiment for grain yield, tcs asdsl used is as 
T = b^ + b^P + bgP^ + b^K + bj^gf + b^ + e, 
lAiere Y, P, and K are grain yield, coded plant popiulstlen level, and 
coded K fertilizer rate,respectively. The b's are the partial regsfesslos 
eesfficients and * la a random error component. «0 attaapt m&s s&de te 
dalets taras from the equation on the basis of statistical significance. 
The fitting of thess equations to each site-yea? (sach location in eseh 
year) of data gives some indication as to the response at that location. 
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An estimation of the plant population and K fertilizer rate required 
for maximum yield vas made from these equations* 
Applied potassium was coded as follows for regression analysis t 
1 unit potassium = ^  + 1. 
At the CWSF, SIEF, and AF sites plant population was coded as 
follows: 
1 rait population = 
At the WIEF site plant population was coded as follows i 
1 unit population = 
An exponential equation was fitted to each site-year of data for 
grain yield per plant. The modal used is as follows * 
y = e 7.0^  or log y ~ lag e 4» bP 
where y is the yield per plant, c is a constant, b 1» the slops of ths 
regression Une- and P is the coded plant population level. An 
estimation of the plant poptOatlon producing maximum yield was made from 
these equationss 
An exponential equation was fitted to the lodging d&t& fros ssch 
a2?92ri!S<5«t« The foswula for the relationship is as follows « 
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where L is the percent lodging at a given population level, e is a 
constant, b is the slope of the regression line, and K is the coded 
potassium fertilizer rate. 
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RESULTS AND DISCUSSION 
Com Yield 
This section includes analysis of yield results for each site-year 
of data. Grain yields for individual plots are shown for each experiment 
and each year in Table 30 (Appendix). Mean yields for each treatment are 
shown in Table 3» An analysis of variance was calculated in order to 
detezTsine overall treatment effects (Table 4). Potassium fertilizer 
treatments significantly affected yields in 8 of the 9 site-years. The 
nonsigifdficant effect of K in 197^ at the WEBF site may have been due 
to low yields resulting from dry weather# Plant population significantly 
affected yields in each site-year. Significant block differences were 
found at the CHEF site in 1972 and at the AF site in 1974. Exchangeable 
K varied significantly between blocks and was the soil variable most 
highly correlated with yields at the CWBF site in 1972. Following heavy 
spring rains in 197^5 N defldenc^ sympt<mis were observed on 2 of the 6 
blocks at the AF site. These blocks had significantly l«sf=r yields and 
lower percent leaf N than the blocks which did not show N defidenqy 
A significant population Ç interaction was observed at the AF 
site in 1973# The yield response to £ varied with plant population. 
Potassium fertilization had no effect on yields at the 10,000 plant per 
gas=s stand but significantly affects yields at the high stand levels » 
In 1972 yields wsra excallent at all locations j reaoMng 167*2, 
159.3, and 136.3 bushels at the SIEF, WEEF, and CWBF sites, respectively. 
Table 3« Moan (gzaiin yield per aar®, number of ears per plant, aiwi grain yield per plant for the 
rospectl^re S and plant ]3opulation treatments at individual sites in each year 
K rate 
Ib/A 
50 
200 
Po]E>\il!itio:n 
1003 pilant s/A 
Groin yield, bu/A 
at ffioistiare, 
1972 1973 1974 
Eai's/ialant 
1972 19P3 1974 
Grain yield, 
Ib/plant 
1972 1973 1974 
]L0 98.4 101.5 86.0 1.90 1.56 1.18 0.54 0.58 0.48 
iio 123.1 139.2 103.3 1.21 1.01 1.00 0.35 0.38 0.30 
30 121.7 131«8 103.5 1.03 0.96 0.99 0.24 0.25 0.21 
40 118.4 JJL8„5 82.8 0.94 0.93 0.90 0.17 0.18 0.13 
10 103.0 107.9 92.7 1.92 1.58 1.30 0.60 0.60 0.52 
20 128.8 :L33.2 li;i.7 1.20 1.00 0.99 0.36 0.37 0.32 
30 128.1 134.2 116.0 1.01 0.98 0.99 0.24 0.26 0.23 
i^o 120.0 :L22.8 88.7 0.94 0.92 0.89 0.17 0.19 0.14 
10 112.3 106.9 9:%5 1.93 1.56 1.22 0.63 0.59 0.54 
2C' 134.3 131.7 118.3 1,27 1.02 1.00 0.38 0.38 0.34 
3Ci 136.3 148.1 10:7.4 1.01 0.97 0.97 0.26 0.28 0.21 
•Ij'Ci 130.7 :129O8 9<3.6 0.93 0.93 0.91 0.19 0.20 0.15 
IjgES 
e> 97.2 102.4 87.6 1.95 I..96 1.23 0.69 0.70 0.61 
16 131.1 130.5 90.8 1.24 1«22 0.90 0.48 0.46 0.30 
146.0 133.9 6!f.6 0.99 0„98 0.60 0.34 0.31 0.15 
3îi 142.9 128.8 41.0 0.95 0.,94 0.37 0.26 0.24 0.07 
Table 3 
K rate 
Ib/A 
50 
Pop'alat3.oin 
lOGO plants/A 
200 
8 
li 
24 
32 
8 
16, 
24. 
32. 
Grain yi.eld, bu/A 
at 15,, 5'.^ moisture 
1972 :L973 19i^  
101.9 
144.2 
152.4 
148.0 
103.2: 
141.4 
158.4 
159.3 
:LO8.4 
130.8 
136.8 
137.4 
106.6 
135o3 
1'46o6 
136.2 
85.9 
83.6 
56.9 
39.9 
91.3 
9^ .^8 
68.5 
3().4 
3IEF 
ICI 
20 
30 
4CI 
102.4 
122.6 
138.2 
133.7 
50 10 
20 
30 
40 
107.9 
144.6 
159.5 
149.4 
200 10 
20 
30 
40 
113.5 
15?.l 
167.2 
152.7 
Grain yield, 
Ears/plant lb/plant 
1972 1973 1974 1972 5573 19^  
1.96 
1.22 
1.01 
0.98 
1.97 
1.25 
0.98 
0.96 
1.18 
0.86 
0.62 
0.37 0
0
0
0
 
k
k
w
 
0.73 
0.48 
0.33 
0.25 
0.61 
0.28 
0.14 
0.07 
1.90 
1.22 
1.02 
0.96 
1.99 
1.21 
0.99 
0,96 
1.32 
0.89 
0.66 
0.32 0
0
0
0
 
0.77 
0.48 
0.34 
0.25 0
0
0
0
 
1.84 
1.05 
0.91 
0.79 
0.60 
0.35 
0.27 
0.19 
1.81 
1.06 
0.97 
0.91 
0.64 
0.42 
0.31 
0.21 
0
 0
 H
 H
 
0
0
0
0
 
Table J„ (Continuai) 
Grain jdtîldj bu/A 
K rate Pepuljation at 15, moisttu'e 
Ib/A 1000 plints/A 1972 
AF 
0 10 96.5 101.3 
20 1111,6 138.3 
3<) 1C6.7 143.3 
40 61.4 124.9 
50 10 se.2 99.1 
20 11.7.9 132.2 
30 lC)9o2 140,9 
40 $17.2 134,1 
100 11) ';'9o5 101,6 
20 l?.7o2 140.,5 
30 llfloO 145..7 
1+0 î>9o9 146,7 
200 10 ()4o2 101.9 
20 l?.5o2 147,4 
30 l].lo3 153,0 
43 lUo7 147,1 
Grain yield, 
Eagîi/plant Ib/plant 
1972 3.973 1974 1972 1973 197^  
1.63 1.30 0.55 0.56 
0.97 loOO 0.32 0.39 
0.87 0.98 0.20 0.26 
0.65 0.93 0.12 0.18 
1.53 1.19 0.54 0.54 
1.00 1.00 0.34 0.37 
0.86 0.97 0.21 0.26 
0.75 0.93 0.14 0.19 
1.57 1.21 0.56 0.56 
1.00 0.99 0.36 0.40 
0.90 0.98 0.23 0.25 
0.77 0.96 0.15 0.21 
1.47 1.32 0.53 0.57 
0.99 1.00 0.36 0.41 
0.86 0.98 0.21 0.28 
0.80 0.95 0.17 0.21 
Table 4. Aruilyïds of vainLance of eorai jrleld for the respectiine K and plant population 
trtmtfiient» at ijndividua!, sites in i»ach year 
Sciurco oi' 
V&riation 
Blociks 
Potaissirai troa.-btientiî (K) 
Error (a) 
Pop\ilation-t:pcia*fca®n'bs (P ) 
P X K 
SiTor (b) 
HLoclcs 
Pottissiuia trsîitaents (K) 
Error (a) 
Degrees 
of 
freedom 1972 
5 
2 
10 
3 
6 
45 
5 
2 
10 
Danoteis 1% level of signfificancai. 
*Dénotés 5^ level of sigpifioanoa. 
CMEP 
113.^ 7 
1045.86 
3^^082 
2360.43 
11.76 
25.58 
*# 
•» 
ftlEP 
99.61 
779.18'' 
124.77 
Mean squares 
1973 
** 
140.41 
258.89" 
100.21 
3887.93 
189.00 
102.77 
159.88 
364.16++ 
95.59 
1974 
** 
104.82 
804.46*" 
54.65 
2326.32 
89.96 
78.30 
724.50 
295.72 
353.40 
Dénotas lOjS level of si.g!ni;fioancei 
Table 4. (Contiiîutkl) 
Source of 
iiudiition 
Popul&tion-ti.'eaiinenlis (P) 
P X K 
Errer (h) 
Blocks 
Potatssimi tr<)i9.ttient:s (K) 
Error (a) 
Population-tirciatmenbs (P) 
P X K 
ïSrror (ib) 
Edodcs 
Potassltm traiitaents (K) 
Error (a) 
Mean squares 
1973 197» 
3855-10** 10160.08** 
49,62 65.37 
54.26 177.46 
$ 
140.28 
768,57* 
159.39 
5 .^66* 
663.31* 
1W.06 
Table 4. (Cc>ntdiiufkl) 
Oogir^es 
Sour<î0 c>f of 
"variiition freedom 
Population-tJ.'eaiaaoï.i'lis (P) 3 
P X K 9 
Error (b) 60 
3057.3^ ** 9947.99** 
232.22** 144.99 
80,38 88.60 
46 
limiting rainfall during August may have contributed to the lower yields 
at the (^F site. Yields in some of the other experiments on the same 
farm reached I50 bushels or more, however. Wet spring weather delayed 
planting in 1973 at all locations and most likely caused yield 
reductions. Dry weather during July and August and hail damage on the 
8th of July further reduced yields at the CWBP site. A heavy infestation 
of rootwom beetles at the silking stage most likely caused yield 
reductions at the WESF site. The 1974 season was characterized by 
hot, dry weather in many sections of Iowa. Yields at the CWBF and WEEF 
sites were considerably below the 1972-1973 averages. On July I6, 
approximately 1 inch of supplcsssntal water %s applied to the 
experimental plots at the ÂF site by means of sprinkler irrigation. 
Yields at this site reached I50 bushels per acre. 
In nearly all of the r-esponsss to K fertilisation 
oontinued up to the top rate of 200 pounds of K per acre. îfaximum 
responses were in the 12 and 15-bushel range at the CNSP, AF, and. HESF 
sites, all of which tested low in K. On the very low testing SIEF 
site, responses reached apprmdmately 30 bushels. Responses to K 
fertilisation were generally lai^eat at the plant populations supporting 
the higher yields. At the A? sits in 1573 & 32 bushel respor»® vas 
obtained at the highest plant- pupulatlon. ïLslds vers exceedingly 
low at this population, howsvero 
In all of the experiments, the lowest population of 8,000 or 10,000 
plants per acre was inadequate for top yields. Yields at th« higher 
populations varied with year and site. Generally the intermediate 
47 
stands of 20,000 or 30,000 plants per acre ware the most effective. 
The superior performance of the low stands at the WEBF site in 1974 was 
a reflection of the hot, dry conditions which prevailed in midsummer 
in much of western Iowa* 
In order to ascertain more fully the effect of K fertilization and 
stand level on com yields, multiple regression analysis of the data were 
made for each site-year of data by fitting the following general model: 
Y = + b^P + bgp^ + b^K + b^K^ + b^K 4 e 
where Y, P, K, the b's, and e have the meaning already described in the 
statistical procedures section. Stands wore coded at values of 1, 2, 3> 
and 4» Potassium fertilization rates were coded at values of 1, 2, 3, 
and 5* The partial regression coefficients for linear, quadratic, and 
îinôar by llns&r intsrscticns %ith their sigîîifieanee level and the 
^-valw for each site-year of data are given in Table 5* 
dseussion of the effects ©f applied E and plant population on 
yield involves considering ths significance and sign of the partial 
regression coefficients. The level of significance of each regression 
coefficient réfars to ths probability of obtainifig â t ?slue as high as, 
or higher than, that obtained experimentally when a random sample is 
taken frwia û uûiûwgsnsous pcpuliticîî; Eevere?; flo«ffioientB lAidh do 
not reach significance at the established limit of 10 percent i^ht 
still have biological meaning. 
Tabl<» 5* fisg^ession ooeffldEmts, thelx* slgnlfloanoe levai, and the 2^-value from 
fitting a i-egrasalo^ri equation to com yields on each site-year of data 
Variable 1972 19'/3 19?'4 1972 1973 197^  
sm 
59ol^3 
g7.36jr* 
- 0.777 
- .061^  
.633 .<525 .875 .730 .649 
b 50.9^ 2 
o 
42.744*'" 
h - 7.453*" 
b 5.875'^ "^ 3 
- 0.4A>7 
0.025 
.783 
34.^ '37 34.6&4 .^419 86.488 
*^8.(84** 63.985** 46.796** 15.982"*^  
- 9.761** -10.075'"* - 7.685** - 6.347** 
14.746** 9.1)42"' 6.392 - 8.137 
1 H
 1 « 
- 1.1J96"" - 0.838 1.688 
"• 0.]j&4 0o9y?'*^ 0,230 - 0.547 
**Iieirtote:i 1$ leirel of i3i(;nifloamoe,, 
*1)0 M tes 5^ lanrel of aii;nifiGaiioe„ 
I^)@ncte« 10^  level of s:Lgï)ifi.canc(>. 
Tablo 5« ((Jont-Lnuedl) 
Vaidnbla 1972 1973 
am 
17.616 
\ 65.1362*" 
-10.1300*"" 
25.729*"^  
- 3.421** 
b. 0.261 
5 
0 
a- .75? 
1972 1973 197^ * 
ÂE 
58.995 46.59% 
39.470** 65.261** 
- 9.21s** -11.545** 
6.399 - 0.948 
- 1.461* — 0.001 
2.150** 1.539* 
.546 .732 
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Individual if -values varied from *5^ to .872. The response to 
plant population «as significant for all site-years of data. The 
significant negative quadratic coefficients indicate in all cases 
decreasing returns at higher plant population levels. 
The response to K fertilissation varied considerably among sites 
and years. The relative magnitude and significance of the linear, 
quadratic, and interaction terms were erratic although in all cases 
decreasing returns at higher rates of K application were observed. 
The K rate by plant population interaction did not show any 
consistent trends over years, either in magnitude and/or sign of the 
regression coefficients» 
The K rate and stajKl level required for the maximum yield was 
obtained by equating the first partial derivative of yield with respect 
to each variable at zero and solving the; resulting equations 
simultaneously a Substitution of these zstes in the prediction equation 
results in the estimated maxlmm yield. In 197^ and 1973 at the CW2F 
sit^ and in 19?^ at the AF site the predicted maximum yield ms outside 
the range of experimental rates. Under these conditions, the limit of 
K application (200 pounds per acre) was selected for prediction. 
Table 6 smmarizea the rates of K fartlllz&tion &nd plant 
population level that would have given maximum yield of com sach year 
within the range of experimental ratos. The predicted maadmim yields are 
also given in Table 6. 
The yield isoquants presented in Figures 1 through 9 illustrate the 
effects of potassium fertilisation and plant population level on yields. 
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Table 60 Plant populations and K fertilizer rates that would have 
given maximum yields of com within the range of 
experimental rates used and the predicted maximum yield 
for each site-year of data 
Site Year lb K / A  Plants/A 
Held 
(BU/A) 
CWBF 1972 200 28,700 139 
1973 ZOO 28,800 144 
197^  ^ 135 24,400 120 
SÏBF 1972 144 31,000 169 
WEP 1972 159 26,200 162 
1973 162 24,900 145 
1974 80 9,200 85 
AF 1973 155 26,200 124 
1974 200 31,600 157 
Responses to K fertilization wsr© generally largest at the plant 
populations supporting the higher yields. At lew population levels the 
response to K ms at a minimum as indicated tgr the horizontal nature 
of the yield isoquantso At ths low plant populations the individuel 
plants apprc&chsd or reached a genetic limit in grain production and 
responded lôa» to K fertilisation than plants at th« higher stand 
levels® 
In order to characterize the effect of plant population on ths 
average yield of individual plants, ths foUs^ing squatiea %s fitted 
to each site-year of data* 
138 
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îlgiara 1. Yioli isoquants darlvewil fro» the prediction equiition for corn yield at the 
CWiSF site in 1972 
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Figura 2 .  Yield isoquiints deri.v«(d from th«» prediction equation for com yield at the 
W:[EF site in 1972 
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Figure 3» Yield isoquants deirlvud from th« prediction equation for com yield at the 
SIEP Hite in 1972 
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am? site in 197^ 
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Figure 9. Held i.soquaiits derived from tho prediction equation for com yield at the 
AF site, in 
6l 
Log y = Log c + bP 
iihere y, c, b, and P have the meaning already Indicated in the 
statistical procedures section. When the linear graph of the 
logarithm of yield per plant is converted to the usual graph of yield per 
acre against the population, the straight line with the steeper (more 
negative) slope corresponds to the com that gives its maximum yield 
at the lower population. 
The partial regression coefficient for the linear effect of plant 
stand level, the significance level, and the î^-value for each 
•«2 
experiment are given in Table 7« Individual Ir=values varied from «8?^ 
to .970. The high I?-values are evidence that within the range of 
populations studied the relationship between the logarithm of the 
average yield per plant and the population is essentially linear. The 
relationships are shown in Figures 10 through I3 for each location. The 
slopes of the regression lines indicate that the plant population giving 
maximum yield at the vWSF site was at a maximum in 1973 and at a minimum 
in 197^ « This is in agreement with the population levels for maximum 
yield already prsssntsd in Table 6* The slopes of the regression lines 
for the MEEF and AF sites are also in agreement with the plant 
populations required for maximum yields given in Table 6. 
It- has been shown that increasing the N level in the soil increases 
the number of plants needed for maximum yield® The effect of increasing 
N levels in the soil is to change the slope of the regression line. In 
order to determine if K fertilization has a similar effect, individual 
Table ?• Hegïession ooefficeints, thoii- significîince level, and the I^-valuô from fitting a 
regression equation to grain yield per plant on each site-year of data 
Variable 1972 
CïIEî' 
" 19173 
MEEF SIEF AF 
197%' 1972 1973 19-74 1972 1973 1974 
Log K -.0773 -.0777 -.1046 -«0176 -.0071 -.1214 -.0547 -0.710 -«1057 
b -.1718** -.1633** -.1908** -0I390** -.1588** -03259** -.1589** -.1966** -.1530** 
if .970 .9.'>7 .961 .964 .963 e CO
 
.923 .947 .935 
^ 
Denotes If» l€»vel of siignificancs. 
0.0 
.0.2 
a 
I 
? 
t % 
GO 
a 
.0.6 -
.0.8 
-1.0 
10 
1974 
:20 30 
Plants per acre (X 1000) 
40 
Pigiira 10# Tlie logarithm of gwilfi yield pei» plant as influenced by plant population 
at th® CWEF site 
0.0 
>0.2 
A 
î 4 — 
I 
«t "Ocô 
60 
% 
3 
'•Oo8 p 
••HoO 
8 ;i;6 21). 
Plante per non (Z 1000) 
32 
Wgiire 31. T!a« logariitlia of gmhi yield per plant as Influenced by 
plemt popultttion at the 1/tISF sito 
0.0 
-0.2 
H 
1972 
10 20 30 ko 
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m^ a;ro 12. Tlie logazdthxa of grain yield poi' plant as influenced by 
plant ipopialfivtion at th@ 3IËF site 
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a 
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•0»8 
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510 30 
IFlanto per acre (X lOOO) 
40 
Figure l],» T'hf logarithm of grain yield per plant as inClusncîed by plant population 
ait tha ilF sito 
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regression equations ware fitted to the data for each K rate and the 
slopes of the regression lines were then compared® 
Table 8 contains the partial regression coefficient for the linear 
effect of plant population, the significance level, and the I?-value for 
each site-year of data. In 4 of the 9 site-years of data the number of 
plants needed for maximum yields were increased ly K fertilization as 
indicated tgr b^ values. The b^ values increased (became less negative) 
as K rates increased. In the remaining site-years the number of plants 
needed for maximum yields decreased or remained approximately the same 
as K fertilizer rates wre ingreased. Beoauge of the inconsistent 
response it is difficult to deteiïnine the true effect of different K 
levels on the plant population needed for maximum yields. It may be that 
the effect of K would be to increase yields at all populations 
proportionately and thus not significantly affect the population needed 
for maximum yield. The nonsignificant population by K interation in 8 
of the 9 site=years of data substantiates this speculation. 
Multiple=>eared and Barren Plants 
The percentage of plants having multlple-aarg In 197^ arid 1973 &t 
each location are given in Table 9® An analysis of variance was 
calculated to determine overall treatment effects (Tabla 10). Th® 
number of plants having multiple=ears %as controlled entirely by plant 
population except fo? the signifioant affect of K fertilisation in 1972 
at the CWEP site. At the lower plant populations of 8- and 10,000 plants 
per acre from 47 to 99 percent of the plants had two or more eazrs. The 
Table 80 Ragresslcn ooefficdents,, tholr signifiLcanoe level., and the I^-value from fitting a 
rogr®eslon oçtuatian to grain yield per plant on each site-year of data 
_____ (WEF WEEF 3IEF AF 
Variable 1972" ]L973 " W-T'" 1972 1973 1972 1973 1974 
1 
0 lb K/A 
Log K -1187^ -.0635^, -«l.m, -.0266^^ -.OO92 .llt;4 -.0931*. -.0456 -.0855** 
b^  -*1630** -.1749* -.1088** -.1412*" -.1590** -.3261 * -.1603** -.2208** -.1649 
if «983 .960 .975 .954 .966 .82? .904 .955 .964 
50 lb K/A 
Log K -0O623 -.0761 -«0961 -.0026 -.OOn ^  .0878 -.0503 -.O8O3, -.1248^^ 
b^  -01791"'* -.1638""* -.1906** -.1443** -.1533 -.3165*'* -.1563* -.1939 -.1524** 
B? «978 .978 .963 «978 .960 .,942 .977 .980 .899 
100 lb K/A 
.978 .941 
200 lb K/A 
log K ..0511 -.0936 -.ce:j4 -.0238 .0316 ,,1621 -.0206 -.1021 -.0977. 
b^  -.1732'"* -.1514**' -.1930*'* -.1316 * -.1640** -.3350** -.1601*^  -.1766** -.1476** 
 ^ .976 .952 .965 .980 .976 .868 .973 .934 .975 
** 
Denotes 1^ levol of f^ignillcsjico. 
Tabla 9» Perçant multlplo-eared com plants for the respedilve K aM populal^on treatments 
at individual sites in etieh year 
K rat© PopiuliitAon _ CTIBF WEBF SIEF AF 
lb/A 1000 pljints/A® 197'2 ' 1973 1972 1973 1974 1972 1973 1974 
0 10 90„2 56.3 95.0 95.9 85.2 62.7 
20 20„9 1.1 24.1 22.7 8.5 8.7 
30 4o8 0.0 Oo9 0.5 0.9 0.1 
40 lo5 0.0 0.0 0.1 0.1 0.1 
50 10 91,6 57.7 95.8 96.7 81.4 58.3 
20 21,0 0.2 22.1 25.7 7.4 2.2 
30 4.3 0.3 2.8 2.0 0.9 0.0 
4(0 1.7 0.0 0.7 0.3 0.0 0.0 
100 10 56.9 
20 2.3 
30 0.0 
40 0.0 
200 10 93.5 55.7 90.3 99.0 8I.5 47.1 
20 27.7 2.0 22.5 21.2 7.4 0.4 
30 5.0 0.0 3.0 1.8 0.5 0.1 
W 1.9 0.0 0.3 0.1 Ool 0.0 
^Populations at th® WIBF sito wars 8-, 16-, 24-, and 32,000 plants per acre* 
Table 10. Anslysls of yarianca of percent multiple-eared com plants for the respective 
K «lïid i>opulfiition trea/bmonts at Individual sites i.n each year 
Source of 
variance 
£Q.ooks 
Potassium tzwitmants (K) 
Ex*ror (a) 
Population-trcïatmants (?) 
P % K 
Error (b) 
BOocks 
Potassium b.'ea'baents ([if.) 
Error (a) 
•'I" 
Degrees of 
freedom 
Mean squares 
CHEF 
5 
2 
10 
3 
6 
^5 
I£EF 
5 
2 
10 
1972 
0.00311 
0.00527' 
0.00183 
3.18221 
0.00193 
0.00176 
0.00115 
0.00113 
0.00246 
** 
1973 
0.00524 
0.00003 
0.00911 
1.42067** 
0.00038 
O.OO699 
0.00128 
0.00115 
0.00192 
Denotes 1$ level of sigpulfiGance, 
Denotes 10$ leve»l of significance. 
Table 10. (Continued) 
Source of 
varlanee 
Pc)pulatlon"t.i*«»atia(mts (?) 
P X K 
Eirror (b) 
Bl.ocks 
Potassium ti'Oiitmsnts (M:) 
Srror (a) 
Popula tion-i:rsatments (P ) 
P X K 
Error (b) 
Blocks 
Potassium tre&taionts (K) 
Hhrroi' (a) 
Degrees of 
freedom 
3 
6 
45 
§m 
5 
2 
10 
3 
6 
45 
5 
3 
15 
Mean squares 
1972 1973 
3.45637** 3.75723** 
0.00190 0.00131 
0.00277 0.00270 
0.00515 
0,00128 
0.00260 
2.8890?** 
0.00059 
0.00iH9 
0.00891 
0.00722 
O.OO5BO 
Table 10. (Continued) 
Source of 
varianco 
Population-treatawmts (]?) 
P X K 
Error (b) 
Degrees of 
freedoM 
3 
9 
60 
Mean squares 
1972 1973 
1.86717** 
0.00644 
0.00617 
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percentage decreased significantly when stands were increased to 40,000 
plants per acre. The variation in the percentage of multiple-eared 
plants among population levels, locations, and between years is indicative 
of the ability of these plants to respond to environmental conditions* 
The lower plant populations ware inadequate for top yields, however, 
indicating that the individual plants at these populations may have 
reached a genetic limit in grain production* The average yield per plant 
cannot continue to increase with decreasing population below the point at 
which population pressure is no longer the yield-limiting factor* 
The percentage of barren plants for each site-year of data are 
given in Table 11» At the CwS? and WEEF sites barrsnness was controlled 
entirely by plant population as shown by the analysis of variance in 
Table 12* Potassium fertilizer treatments and plant population levels 
significantly affectsd barrenness at thô SIEF âitô In 1972 and ths AF 
sit© in 1973 • Barrenness %as controlled by plant population at the AF 
site in 197^= At the two lower planting rates barrenness was not a 
significant problem* For the prolific type hybrids grown in 1972 and 
1973» the number of barren plants ranged from 3 to 35^ at the highest plant 
population* These data suggest that the advantage of multipls-sarsd 
hybrids is not entirely attsiuatsd to ths production of second ears but 
in part to the resistance to barjremwas ôxhibitsd at higher ctand levels; 
The percentage of barren plants ranged from 6 to 81 for the single-
eared hybrid grown in 1974« The large number of barren plants at the HIEF 
site is a result of the extremely hot and dry conditions which ê5d.st«d 
during the silking and pollination stages of development* 
Table 11. Percart berren <îom plants for the respective K aind population treatments at 
indli'oldusil. sites in eiach ycwar 
K rate Ftopulati.on 
lb/A 1000 plants/A^ 1972: 1973 197^ 1972 1973 ^ " - « -
0 10 0.0 0.0 0.0 0.0 0.0 
2,0 0.0 0.0 0.0 0.0 0.3 
30 2.1 3.6 0.7 1.7 2.8 
40 7.5 6.7 13.3 4.4 6.1 
50 10 0.0 0.0 0.0 0.0 0.0 
20 0.2 0.0 0.8 0.0 0.3 
30 3.6 1.9 1.2 1.5 3.6 
k<i 7.7 3.0 15.0 3.1 4.7 
100 10 
2:0 
JÎO 
w 
200 3.0 0.0 0.0 0.0 0.0 0.0 
210 0.9 0.0 0.0 0.0 0.3 
•)0 3.9 3.1 3.3 1.1 2,6 
ivo 9.3 7.1 13.2 3.8 4.5 
1974 1972 1973 1974 
0.0 0.8 0.0 0.0 
6.7 3.9 3.3 0.3 
37.3 9.7 13.3 2.2 
75.7 20.8 34.9 10.8 
0.0 0.0 0.0 0.0 
9.3 1.1 2.6 0.2 
33.5 3.6 14.1 3.3 
76.8 8.8 24.4 10.8 
0.0 0.0 
2.6 1.0 
9.8 2.5 
23.4 5.7 
0.0 0.4 0.0 0.0 
7.2 0.0 1.4 0.0 
30.0 2.4 13.8 2.5 
80.8 6.2 19.1 7.7 
®POpxila«Lon» at the WISF silte ueaw 8-, l6-, 24-, and 32,000 plants per acre. 
Tabla 12. Anitlysis of veiriance of poreant liarren com plants for the respective K and 
po]îulûtion treatments jsit individual sites in ea<îh year 
Souirca of Degrees of Mean squares 
1974 variation freedom 1972 1973 
CïEF 
Blocks 5 0.00085 0.00083"^  0.0082 
Potassium treatments (K) 2 0.00072 0.00000 0.00030 
Error (a) 10 O.OOOi^ 0.00027 0.00089 
Population-taPMtewmts (P) 3 0.02552'^ * 0.02126** 0.03859" 
F X X 6 0.00016 0.00024 0.00041 
Erï-or (b) 45 0.00061 0.00056 0.00081 
MIgE 
Blocks 5 0.00042++ 0.00073 
1 • 0 
Potassium tj-eatmon-tis (K) 2 0.00010 0.00012 0.00024 
Error (a) 10 0.00014 0.00034 0.00995 
** 
** 
Danoises 1$ lievel of sitjnifLcanco. 
++ 
DanolMS lO'^l level of signl-ficance. 
Table 12 o (Contimied) 
Source of Degrees of 
variation froedoE 
Population--tir6»a.t2aorits (P) 3 
P Ji ; K 6 
Error (b ) ^5 
Blcidcs 5 
PotAssixua t:?ea1anon'bs (S!) 2 
Eri*or (a.) 10 
Poi)ulatton--b2'ôiitm3]iits (P ) 3 
P X K 6 
Eri^ or (I) ) ^5 
Blodcs 5 
Poluissium trcMitments (K) 3 
Error (a) 15 
DsnotBîî 5^ level of signiTJ.canco. 
ÂF 
1972 
0.00570** 
0.00008 
0.00025 
0.00074 
0.02914+^  
0.00159 
0.04703*"' 
0.00632** 
0.00130 
Mean squares 
1973 1974 
0.01046** 1.46383** 
0.00016 0.00379 
O.OOOtrô 0.00894 
0.00734* 
0.00895* 
0,00190 
0.00095 
0.00033 
0.00043 
Table 12» (Oïr.itimied) 
Source of 
variation 
Population-"t;r®a,tniont3 (P ) 
P I K 
Error (b) 
Dagi'eas of 
freedom 
3 
9 
60 
Klean squares 
1973 
0.32258"^ * 
0.00689"*^  
0.00)40 
1974 
0.01487** 
0.00050 
0.00068 
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Lodging 
The percentage of lodged plants observed at harvest time is shown 
in Table 13* The root and stalk lodged categories, when considered 
separately, did not vary consistently with K or population treatments. 
Therefore, the two categories were combined for deteznination of 
treatment effects. 
Lodging was most severe at the CWBF site in 1973 but similar trends 
were observed at all sites with respect to treatment effects* An 
analysis of variance for each site-year of data is given in Table 14. 
Population treatments significantly affected lodging in each site-
year. Lodging increased with increasing plant populations j as was 
expected. It was of little importance at the lower planting rates but 
ranged from 2 to 70^ at the highest population. 
Potassium fertilisation significantly zffectsd lodging in 5 the 
9 sit9-y@arse At the highest plant population lodging averaged 32, 25, 
17g and 15^ for the 0, 50» 100, and 200 pound p©? aer-e K rates, rsspsco 
tively. The lew levels of lodging obserrsd at the HEEF site in 1973 and 
1974 and at the AF site in 197^ were probably responsible for the 
nonsignificant K trsswssnt differences at these sites. Although K 
fertilisation did not significantly affect lodging at the 10^ probability 
level at ths GW2F site in 197^ ^ K treatments r^iiead lodging and were 
significant at the 14$ level. 
The effect of K fertilization upon lodging at the highest plant 
population was detsimined by fitting the following sspensntial equation 
Table 13* Porcctnt ix>ot stelk lodged com plants for tha i-espective K and population 
ti-eatmeni^s at the indiv^Ldvial sites in each year 
K rate Poi»ul{iid.on CMSiF , SIBF 
lb/A 3.000 plfints/A'^ 197'2 1973 1974 1972 1973 197^  1972 1973 1974 
50 
100 10 
10 o.,o 6.2 2,1 1.1 0.0 2.7 5.5 0.4 0.0 
20 4.,4 43.5 15.0 0.9 0.8 5.9 18.3 15.4 0.2 
30 9o5 47.6 29.3 6.9 3.5 8.5 24.0 33.5 1.5 
40 26.2 70.5 53.6 26.0 10.1 7.4 43.3 52.2 5.4 
10 OA 1.3 0.5 OoO 0.0 3.5 0.4 0.8 0.8 
20 0..9 33.3 9.5 0.9 1.1 5»7 3.7 10.4 0.2 
30 8.5 52.7 19.2 4.6 2.2 5.5 12.1 24.0 1.3 
40 17.4 61.9 51.6 25,0 5.5 2.1 27.4 30.7 5.0 
OA 0.0 
20 9*0 0.8 
oQ 22.6 2 «8 
40 32.4 3.0 
200 10 
20 
1.3 0.4 
7.0 0.4 
30 5.8 34.8 20.0 4.1 3.5 2.6 9.2 24.2 3.7 
40 8.1 36.8 33.3 10.8 5.3 2»0 18.0 16.9 6.8 
0.0 3.2 0.0 0.0 0.0 2.3 6.0 
0.6 22.9 8.4 1.9 1.4 7.4 2.6 
ii. .
Popula'tâ.oiis at the VŒEF sitw ware 8—, 16—, 24—, and jl2,000 plants per acre. 
Table l^o of varianosi of percent lodging for tho respective K and population 
t:pe)a tments at individual sites in each year 
Souiros of Eiegrees of Moan squares 
variation freedom 1972 1973 1974 
CVjEF 
KLooks 5 0.00248 0.11208++ 0.01388 
Pottissima tra-itinents (K) 2 0.02446** 0.19726* 0.05537 
Error (i) •JO 0.00268 0.03453 0.02388 
Population-trif»a tments (P ) 3 0.10616** 0.92864** 0.68421' 
P X K 6 0.00966** 0.03485"^ 0.01576 
Error (b) k'5 
mm 
0.00143 0.01728 0.01624 
ELodcs 5 0.00990^ 0.00181''^ 0.00543 
Potiissim traatnents (K) 2 0.01315''"^ 0.00126 0.00433 
Error (a) •j.o 0.00336 0.00059 0.00237 
Denote;; 1^ level of signJtfJ.canco. 
*Denotei5 5^ level of signifj.eance. 
Denotes 10)* level of signilileance» 
Tabla l4. (Continued) 
Source of Itegroas of 
variation freodora 
Popala,tion-treatnieir..ts (F) 3 
P X K 6 
Error (b) ^1-5 
Blocks 5 
Potassiuoi treatments (K) 2 
Error (a) !L0 
Population-triaataerits (P) 3 
P X K 6 
Error (b) ^^5 
Blocks 
Potassium ti-ea-tmenlis (K) 
Erzor (a) 
5 
3 
15 
Mean squares 
1972 1973 1974 
0.15931''* 
0.01053'* 
0.00409 
gjCEF 
0.00363 
0.13406'"* 
0.00897 
0.22651'"* 
0.01748 
0.01003 
0.01688** 
0.00117 
0.00078 
0.00463"*^ 
0.00244 
0.00244 
CD 
M 
0.02289 
0.07355* 
0.01882 
0.00042 
0.00069 
0.00060 
Table 14. (Continued) 
Source of Degrees of 
variLafcion fi'etsdom 
Population-troatments (P) 3 
P X K 9 
Error (b) 60 
Miaan squares 
1972 1973 1974 
0.51704** 0.01191** 
0.02545* 0.00056 
0.00967 0.00063 
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to the data froa each site-year in which K fertilization significantly 
affected lodging. 
L = c 10^ 
L, c, b, and K have the meaning already indicated in the statistical 
procedures section» The partial regression coefficient, the significance 
level, and the I? value for each experiment are given in Table 15» 
Table 15* Regression coefficients, their significance level, and 
the ï^-valus froîû fitting a regression equation to 
percent lodged plants at the highest plant population 
CWEF WXEP SIEF AP 
Variable 1972 1973 1972 1974 1972 1973 
K .266 .716 .239 .051 .393 .474 
b -.809** -.421** -.5Û3* -.?71** -.603** -0639 
,639 .439 .217 .351 =381 .378 
Dsr.=tsr, Vp level cf 2ignifieanee= 
Figure 14 shows the effect of K fertilizer treatments on com 
lodging at the CWBF, WEBF, and SIBF sites in 1972. This graph shows the 
predicted lodging percentages as a function of K additionss The horizontal 
nsturc sf the exponential curves at higher fertilizer rates ireiicates 
little response to K fertilization. By substituting coded K fertilizer 
ratos corrsspording to 0 pounds per acre and the rate required for 
maximum yield (Table 6) into the exponential equations for lodging, it 
50 
0 1— 1 1 1 
0 50 100 150 200 
K (lb/A) 
Figure 14* Pei'ceïit lodgilng at tho highest plant population as influenced by K 
feitilJ.zatimi at tbs WEF,, and SIBP sites in 1972 
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is possible to datairoinQ th@ percent reduction in lodging due to K 
additions* %thin the range of yield response to K, lodging was reduced 
73; 55» and 565^ for the CWBF, MIEF, and SIEF sites, respectively. 
Potassium rates beyond the rate lAich would give maximum yield probably 
would have little effect on lodging. 
Quantitative measurements of stalk quality characteristics were 
made in 197'+ at the AF site. Relationships were sought between stalk 
quality traits known to be related to stalk strength and K fertilization 
and plant population. The stalk characters with their mean value are 
given in Table l6. Analysis of variance of the data (Table 1?) indicates 
that plant population significantly affected internode diameter, pith 
condition, and breaking strength. The effect of K on each of the stalk 
quality traits was not significant, however# The correlation 
coefficients (Table 18) reflect the direction by which the stalk quality 
traits change as plant population levels are increased. There was a 
decrease in stalk diameter, incrsas© in dead parend^nna in the pith 
tissu®- daeraasa in breaking strength, and an increase in stalk lodging 
as plant density increased. 
Leaf Analysis 
The mean concentrations of N, P, K, Ca, and Mg in com leaves for 
each site-year of data are given in Tables 19 and 20. An analysis of 
vaxlanoe vas calculated to datsrmine treatment effects (Tables 21, 22, 21, 
24, and 25). 
Tabla 16» MeaJi intowiocle diemeter, Intai-node length, piiJb condition, and 
brKiking stren{;th of tho second Intemode of stalk for the respective 
K ajid plant population treatments at the M' site in 197^ 
K rflte 
lb/A 
Population 
1006 plants/A 
Intsmode 
Length, m. 
Intemode 
Diameter, cm 
Pith 
Condition® 
Breaking 
Strength, lb 
0 10 7o90 2,58 1.66 103.4 
20 7 062 2.22 2.72 65.0 
30 80I6 2.02 2.78 51.2 
40 811OÔ 2.06 3.i58 42.0 
50 10 8.14 2.48 1»90 100.6 
20 7 «44 2.28 3-16 58.4 
30 8 «30 2.14 3.42 44.6 
40 7o44 1.94 3-26 38.2 
100 10 8.06 2.66 1.32 111.0 
20 8.76 2.34 2.92 72.8 
30 8.42 2.20 3.^A 44.0 
40 8.32 2.04 3.32 40.6 
200 10 8.50 2.60 1.70 102.6 
20 7»80 2.40 2.(58 71.4 
30 7.72 2.24 3-16 47.0 
40 8.08 2.06 2.'?8 44.0 
^Baweil on a scale of 1 4 representing from 0 to IOO5É white tissue in 
the int 9]%3de . 
Tablei 17. Arailysiis of variance of Intarnode (Jiameter» inbernode length, pith condition, and 
br«ak3.ng «treng th of the» seooiîd inbemode of s balk at the AF site in 197^ 
Sourc® of De^jraes of Mean squares 
variation Areedom Int©:pnode 
Diameter 
Intomodo 
Length 
Pith 
Condition 
Breaking 
Strength 
Elodcs k' 'OS? 1.863 1.226""" 397.325"^ 
Potassivm treîitmtmti» (K) 3 .071 1.178 0.445 117.833 
Error (a) 12: .0:28 0.790 0.464 145.250 
Popvilatiori"tK>ataien'b{î (P) 3 1.14?** 0.317 11.150** 16380.933*"* 
p X E: 9 0.016 0.684 0.372 75.744 
Bï'ror (b) 48 0.012 0.583 0.221 157.802 
Denote» lovel of sigrclficance. 
^Denote:: 10$ Itjvel of sigiîiificanco® 
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Table 18o Correlation coefficients between stalk lodging, plant population, 
and various stalk quality characteristics 
Intemode 
Diameter, cm 
Pith 
Condition 
Breaking 
Strength,.lb 
Coded 
Population 
Stalk Lodging -.29** .21+ 1 
*
 
.37** 
Intemode Diameter -.#** .78** 
*
 
«
 .
 
1 
Pith Condition 
-.75** ,66" 
Breaking Strength -.85** 
** . 
Significant at the 1^ level* 
^Significant at the 10^5 level. 
Nitroeen 
Plant population significantly affected the percent leaf N in each 
site-year. The level of leaf N decrsased as population levels increased. 
This was probably caused by a decrease in supply of K that each plant -was 
forced to share îdth its competing neighbors. Population treatment means 
averaged over all K rates aM all site-years indicated a consistent 
decrease in N level from 3*09^ for the lowest plant population treatment 
to a minimum of 2.77^ for the highest stand level. The N content ox the 
lûâvdâ at thô higuSst stand Isvsl apprcachsu ths lc«sr limit of suffi= 
ciency range generally aocêptôd by x^aôâïrûh Wûrkôrâo 
Potassium fertilizer treatments significantly affected the percent 
leaf N in 8 of 9 site-years of data® Potassium treatments did not affect 
the ^  at the AF site in 197^» Leaf N decreased with increasing K 
Table 19» Moain eon centra tion of Ki, P, and K in corn leave» for the respective K and 
plaint population trsatnents at individual sites in each year 
K mta 
lb/A 
Population 
1000 plants/A 1974' 
% 
1972 1973 1972 1973 1974 1972 1973 1974 
OIEP 
0 10 3.21 3.03 2.9^)- .388 .363 .319 1.29 1.46 1.12 
20 3.19 2.89 2.79 .376 «340 .279 1.30 1.49 1.11 
30 3.15 11.77 2.69 .393 .304 1.28 1.46 1.04 
40 3.07 iioSO 2.67 .392 .336 .297 1.16 1.37 1.01 
50 10 3.28 3.02 2.91^ .380 .289 1.50 1.94 1.70 
2Q' 3.1^ 2.83 2.72 .382 .3^3 .296 1.48 1.93 1.59 
30; 3.0?' 2.78 2.67 .374 .321 .269 1.3^ 1.84 1.42 j'+C- 3.06. 2.73 2.60 .380 .276 1.33 1.71 1.31 
200 10 3.19 3.00 2.89 .371 .325 .272 1.69 2.37 2.11 
2Ci 3.06! 2.77 2.6;L .378 .316 .252 1.67 2.35 2.07 
30 3.0j) 2.73 2.70 .367 .316 .267 1.67 2.37 2.03 
40 2.96 2.64 2.5<î .366 .2% .254 1.60 2.30 1.97 
VtCEF 
0 81 3.17 3.27 3.10 .322 .315 .313 1.58 1.37 1.56 
16 3.1îi 3.13 2.80 .309 .304 .303 1.52 1.37 1.45 
2k' 2.9E) 3.02 2.72 .308 .300 .300 1.55 1.47 1.46 
32 2.91 2.91 2.60 .311 .293 .291 1.47 1.41 1.35 
Table 19» (ContinuedJ 
K l'Été Popw'LatiLon _____ 
lb/A 1000 ijlants/A 197''i 
j)0 B 3.18 
K) 3.13 
2/f 3oO'^ 
3:2 2.89 
200 3 3«21 
1(S 3.12 
2+ 3.0'+ 
32 3.01 
0 10 3.06 
20 2.99 
30 2.73 
40 2.84 
50 10 3.12 
20 3.C2 
30 2.S9 
40 2.89 
200 3.0 3.19 
2:0 3,()9 
30 2.SA 
40 2.614 
Ï973 1974 1972 
3.29 3.00 .305 
3.11 2.76 .308 
3.12 2.66 .307 
2.99 2.62 .297 
3.30 3.03 .313 
3.26 2.83 -315 
3.09 2.75 .311 
2.99 2.67 .305 
£IEF 
.406 
.411 
.395 
.392 
.340 
.346 
.341 
.346 
.309 
.311 
.308 
.292 
_ig„ 
1973 1974 1972 1973 1974 
318 .323 1.62 1.58 1.84 
298 .305 1.62 1.47 1.70 
3C4 .306 1.72 1.54 1.66 
,291 .303 1.63 1.56 1.62 
318 .312 2.02 2.02 2.34 
,314 .303 2.07 2.08 2.36 
.302 .291 1.99 2.04 2.37 
2(0 .291 1.98 2.06 2.30 
0.75 
0.72 
0.76 
0.71 
1.03 
1.08 
1.22 
1.19 
1.63 
1.72 
1.77 
1.82 
Table 19» (.Continued) 
K rate 
lb/A 
Pc»pal.ation 
1000 filants/Â 
0 10 3.18 2.95 
20 3.04 2.6) 
30 3.00 2.45 
w 2.95 2.47 
50 10 3.10 2.80 
20 2.98 2.5+ 
30 2.86 2.39 
40 2.83 2.29 
100 10 3.13 2.81 
20 2.91 2.61 
30 2.81 2.61 
40 2.81 2.33 
200 10 3.08 2.85 
20 2.93 2.55 
30 2.78 2.45 
40 2.73 2.33 
.347 .294 1.25 1.25 
.350 .282 1.27 1.16 
.349 .252 1.24 1.06 
.3^1 .249 1.15 1.01 
.337 .285 1.72 1.53 
.33*^ .259 1.63 1.44 
.342 .236 1.58 1.47 
.335 .228 1.50 1.33 
.336 .281 1.92 1.76 
.322 .262 1.78 1.64 
.327 .236 1.74 1.55 
.333 .232 1.70 1.51 
.331 .281 2.13 1.87 
.322 .258 2.07 1.76 
.327 .243 1.97 1.72 
.316 .226 1.98 1.69 
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Table 20. Mean concentration of Ca and Mg in com leaves for the 
respective K and plant population treatments at 
individual sites in each year 
K rat© Population . _ 
lb/A 1000 plants/A Ï972 1973 19^ 1972 1973 1974 
CWEF 
0 10 .560 .678 .644 .475 .563 .689 
20 .494 .653 .606 .459 .643 .747 
30 .488 .617 .610 .481 .610 .819 
40 .516 .573 .617 .540 .676 .881 
50 10 .479 .621 .535 .337 .521 .404 
20 .437 .586 .535 .373 .602 .540 
30 MS »558 ,563 .426 .570 .634 
40 .#6 .547 .560 .442 .599 .696 
200 10 .389 .519 .454 .265 .321 .292 
20 .384 .485 .467 .286 .345 .393 
30 .379 .467 .459 .292 .377 .411 
40 .374 .440 .465 .316 .394 .436 
WIEF 
0 8 .588 .529 .632 .465 .532 .606 
16 .478 .683 .471 .537 .782 
24 .515 .477 .617 o481 .571 «755 
32 .523 «492 ,599 ,554 .661 .802 
50 8 .581 .459 .477 .359 .534 
16 .529 .411 .626 .524 .401 .719 
24 .478 .405 .591 .458 .438 .700 
32 .467 .421 .59s .482 =498 =738 
200 8 .497 .389 .497 .332 .256 .297 
16 .470 .379 .525 .366 .284 .420 
24 .451 .370 .5Î4 .379 .301 .457 
32 .452 .352 .527 o331 .315 .515 
SIEF 
0 10 .674 .954 
20 .568 ,945 
30 .562 .925 
40 .526 .918 
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Table 20. (Continued) 
K rate Population 6fca j&k 
lb/A 1000 plants/A 1972 1973 W 1972 1973 1974 
50 10 .616 .675 
20 .530 .679 
30 .490 .615 
40 .474 .628 
200 10 .462 .364 
20 .415 .361 
30 .398 .355 
40 .375 «351 
AF 
0 10 ,623 .632 .594 .506 
20 .551 0^1 .650 ,536 
30 «557 .636 .711 .629 
40 .561 .636 .739 .652 
50 10 .502 .605 .402 .393 
20 .490 .557 .527 .456 
30 .484 .569 .583 .477 
40 .481 .612 .612 .544 
100 10 .469 .525 .325 .335 
20 .468 ,545 .460 .415 
30 .457 .554 o508 ,451 
40 .441 .500 .501 .467 
200 10 .433 ,468 .270 .287 
20 .423 .509 .352 .377 
30 ,426 .509 .428 .396 
40 .422 .533 .431 .417 
9k 
Table 21» Analysis of variance of percent leaf N for each 
site-year of data 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
CWEF 
Blocks 5 0.02465** 0.00477 0.03252* 
K treatments (K) Z 0.05025** 0.05093* 0.04303* 
Error (a) 10 0.00285 0.01191 0.00900 
Population treatments (P) 3 0.12537** 0.31216** 0.32654** 
P X K 6 0.00739 0.00638 0.01194* 
Error (b) ^5 
WIEF 
0»00729 0,01003 0.00494 
Blocks 5 0.00912 0.01056 0.01194 
K treatments (K) 2 O.OS943* 0.03709* 0=(^150++ 
Error (a) 10 0,01892 0,00597 0.00762 
Population treatments (P) 3 0.292+42^^ 0.34026** 0,57409** 
P X K 6 0.02202 0.010S3++ 0,00669 
Error (b) 45 
SIS? 
0.01303 0.00524 0.00410 
Blocks g J 0.00912 
K trealanents (K) 6 0.089^3* 
Error (a) 10 Oe01892 
Dsnotes 1^ level of significance, 
* Denote s 55^ level of significance. 
++ . 
Denotes 10^ level of significance. 
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Table 21» (Continued) 
Sourod of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
Population treatments (P) 3 0.29#2** 
P X K 6 0.02202 
Error (b) 45 
AF 
0,01303 
Blocks 5 0,01373 0.10540"*^ 
K treatments (K) 3 0.11685** 0.06872 
Error (a) 15 0,01149 0.04247 
Population treatments (P) 3 0.41717''* 1.17990** 
P X K 9 0.00613 0.00703 
Error (b) 60 0.00695 0.01413 
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Table 22. Analysis of variance of percent leaf P for each 
site-year of data 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
CWEF 
Blocks 5 0.00137 0.00579* 0.00120 
K treatments (K) 2 0.00168 0.00630* 0.00894** 
Error (a) 10 0.00105 0.00106 0.00066 
Population treatments (P) 3 0.00001 0.00212** 0.00125* 
P X K 6 0.00031 0.00033 0.00094* 
Error (b) 45 
WIEF 
0.00040 0.00019 0.00035 
Blocks 5 0.00053 0.00007 0.00115* 
V JL J X. ^  f v\ 2 0.0004? 0=00019 0,00067 
Error (a) 10 0.00026 0.00013 0.00024 
Population treatments (P) 3 0.00026** 0.00163** 0.00153** 
P X K 6 0,00013 0,00010++ 0,00007 
Error (b) 45 
sISF 
0.00006 0,00005 0.00013 
Blocks 5 0,00035 
IT X ««AM M fv \ IV UJk OA 2 0=05593** 
Error (a) 10 0.00054 
**D8not@8 1$ level of significance# 
* Denote 8 level of significance. 
Denotes 10^ level of significance. 
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Table 22» (Continued) 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
Population treatments (P) 3 0.0004? 
P X K 6 0.00025 
Error (b) ^5 0.00027 
Blocks 
AF 
5 0.00044 0.00159** 
K treatments (K) 3 0.0022Q 0,00173** 
Error (a) 15 0.00124 0,00035 
Population treatments (P) 3 0.00024 0.01309** 
P X K 9 0.00015 0.00008 
Error (b) 60 0,00015 0,00009 
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Table 23» Analysis of variance of percent leaf K for each 
site-year of data 
Source of 
Degrees 
of Mean square 
variation freedom 1972 1973 1974 
CWBF 
Blocks 5 0.01683 0.02230 0.06173* 
K treatments (K) 2 0.98333** 4.89441** 5.75073** 
Error (a) 10 0.03747 0.04524 0.01527 
Population treatments (P) 3 0.06608* 0.07005** 0.15920** 
P X K 6 0.01011 0.01196 0.03017* 
Error (b) 45 
htef 
0.00781 0.01215 0.01407 
Blocks 5 0.21120 0.16658 0.31645++ 
K treatments (K) 2 1.55t»'7** 2.77719** 5.01983** 
Error (a) 10 0.13074 0.09365 0.10516 
Population treatments (P) 3 0,01068 0.00583 0.07290** 
P X K 6 0.01249 0.01205 0.01520 
Error (b) 1^5 
SIEF 
0.01108 0.01214 0.01268 
Blocks 5 0.00381 
K treatments (K) a 6.11010** 
Error (a) 10 0.01098 
Dsnotes 1^ lovol of significanceo 
*Denote8 5$ level of significance. 
Denotes IQfp level of significance. 
Table 2% (Continued) 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
Population treatments (P) 3 0.05068** 
P X K 6 0.02006* 
Error (b) 
AF 
0.00735 
Blocks 5 O.O6692 0.05134 
K treatments (K) 3 2.80028** 1.78871** 
Error (a) 15 0.04336 0.07819 
Population treatments (P) 3 0.13257** 0.19169** 
P X K 9 0.00896 0.00597 
Error (b) 60 0.01065 0.01511 
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Table 24. Analysis of variance of percent leaf Ca for each site-
year of data 
Degrees 
Source of of Mean squares 
variation freedom 1972 1973 197^ 
CWEF 
Blocks 5 0.00105 0.05482** 0.00132 
K treatments (K) 2 0.10673** 0.14414** 0.15046** 
Error (a) 10 0.00187 0.00367 0.00076 
Population treatments (P) 3 0.00573** 0.02432** 0.00045 
P X K 6 0.00143* 0.00059 0.00145 
Epvor (b) 45 
WIEF 
0,00059 0.00159 0.00103 
Blocks 5 0.01055** 0.00173 O.OO9O6 
K treatments (K) 0.03478** 0,08915** 0.08291** 
Error (a) 10 0.00084 0.00273 0.00347 
Population treataents (P) 3 0.02444** 0=00672** 0=00622** 
P X K é 0.00183** 0=00089 0.00243 
Error (b) 45 
SISF 
0.00036 0.00068 0.00126 
Blocks C V 0:00261 
K treatments (K) o 0.18041 
Error (a) 10 0.00204 
**Denotes 1^ level of significance. 
""Denotes 5^ level of significance. 
Denotes 10^ level of significance. 
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Table 24. (Continued) 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
Population treatments (P) 3 0.05362** 
P X K 6 0.00179 
Error (b) 45 
AF 
0.00127 
Block 5 0.00414 0.00463 
K treatments 3 0.09505** 0.05602** 
Error (a) 15 0,00231 0.00455 
Population treatments CP) 3 0.00449** 0.00563* 
P X K 9 0.00133 0.00215 
Error (b) 60 0.00104 0.00206 
Table 25. Analysis of variance of percent leaf Mg for each site-
year of data 
Source of 
Degrees 
of Mean squares 
variation freedom 1972 1973 1974 
CWEF 
Blocks 5 0.00269 0.06397 O.OO854 
K treatments (K) 2 0.23885** 0.47122** 0.96780** 
Error (a) 10 0.00672 0.02751 0.00879 
Population treatments (P) 3 0.01901^** 0.02448** 0.14607** 
P X K 6 0.00253 0.0021s 0=00824** 
Error (b) ^5 
WEBF 
0.00192 0.00327 0.00255 
Blocks 5 0.04084++ 0.00504 0.07459 
K treatments (K) 2 0.12434** 0.49275** 0.66151** 
Error (a) 10 0.01319 0.00644 0.03694 
Population treatments (P) 3 0.00737** 0,03957** 0.14625** 
P X K 6 0.00530== 0.00324 
Error (b) 
SIE? 
0.00145 0.00200 0.00309 
Blûûks 5 0.00208 
K trwàtôiônts (X) 2 2.00341** 
Error (a) 10 0.00404 
**Denotes 1$ level of significance. 
*Denotes % level of significance. 
^Denotes 10$ level of significance. 
Table 25» (Continued) 
Source of 
Degrees 
of Mean square 
variation freedom 1972 1973 1974 
Population treatments (P) 3 0.00572 
P X K 6 0.00118 
Error (b) 45 
AP 
0.00291 
Blocks 5 0.01492* 0.01668 
K treatments (K) 3 0.40300** 0.19731** 
Error (a) 15 0.00378 0.01042 
Population treatments (P) 3 0.14888** 0.08761** 
P X K 9 0.00202 0.00203 
Errer (b) 60 0.00214 0.00165 
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fertilizer rates at th® CHEF and AF sites. The decrease was probably a 
result of increased growth and higher yields, causing dilution of 
elements. Percent leaf N, averaged over all population treatments and 
all site-years where K treatments significantly reduced leaf N, decreased 
from 2.96# for the 0 K treatments to 2.79^ for the 200 pound per acre K 
treatment. 
The data from the WIEF and SIEF sites indicates a small, relatively 
consistent increase in with increasing K rates» The magnitude of 
the increase was on the order of .06^ N. 
Replication differaneea were not consistent over years making it 
difficult to attribute these to variations in initial soil fertility. The 
significant replication differences at the AF site in 197^ resulted from 
heavy spring rains which caused N losses on 2 of the 6 replicates. These 
replicates had significantly lower leaf N percentages than the replicates 
not showing N deficiencies. 
Significant K rate by plant population interactions occurred in 19?^ 
at the GVJSF site and in 1973 at the WIEF site. At the CHEF site leaf N 
decreased with increasing K fertilizer rates at the 10-, 20-, and 
40,000 plant per acre populations and increased with increasing K rates 
at the 30,000 plant per acre population. At the WIEF in 1973 the niâgnltude 
of the increase in leaf N with Increasing K fertilizer rates was greater 
at the 16,000 plant per acre than at the 8-, 24-, and 32,000 plant per 
acre populations. 
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Th® N levais at all sites in 197'+ were substantially below the 
1972 and 1973 levels. Soil moisture conditions prior to sampling wore 
unfavorable for nutrient absorption and high leaf contents. 
Phosphorus 
The percent leaf P was significantly affected by plant population 
in 6 of the 9 site-years of data. Population treatment means averaged 
over all K treatments and site-years indicated a small, consistent 
decrease in leaf P from .311^ at the lowest plant per acre population 
to a minimum of .287^ at the highest stand levels The P levels at each 
treatment combination appeared to be adequate with the values 
significantly lower than the 1972 and 1973 values. 
Potassium fertilizer treatments significantly decreased the percent 
leaf P in 4 of the 9 site-years of data. The associated yield responses 
with increasing rates of applied K probably caused a dilution of plant 
nutrients. 
The significance of replication and K rate by plant population tarns 
was not consistent at any location* 
Potassium 
Leaf K contents varied greatly âwîoiîg years and raflsctsd the soil 
test level of K at individual sites. Plant population level sigrificantly 
affected the percent leaf K in 7 of the 9 site-years. Leaf K percentages 
decreased from 1.64 at the lowest plant population to le51 at the highest 
stand level. 
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Significant increases in leaf K occurred with increasing rates of 
K fertilization. Percent leaf K, averaged over all population treatments 
and all site-years, increased from 1.2$)( for the check plots to 2.00# for 
the 200 pound per acre K treatment. The maximum range in leaf K content 
(O.715S to 1.82#) occurred at the SIEF site in 1972. The relatively high 
yield levels associated with low leaf K values from the check plots and 
those vrtiich received 50 pounds of K per acre probably reflects the favorable 
weather conditions which existed in 1972 at the SIEF site. 
Calcium 
Calcium uptake was significantly reduced by both increasing plant 
populations and by increasing K fertilizer rates. Population treatment 
means averaged over all K fertilizer rates decreased from 0.537# Ca at 
the lowest stand levels to 0.482# Ca at the highest stand levels. 
Competition between K and Ca tjould be expected to reduce Ca uptake 
tgr the plants. The level of leaf Ca decreased from 0.578# for the check 
plots to 0.447# for the plots receiving 200 pounds of K per acre annually. 
The Ca levels appeared to be adequate in each site-year of data. 
Magnesium 
Leaf Mg percentages were significantly affected by plant population 
treatments. As percent leaf K and decreased with increasing plant 
populations, the percent leaf Mg increased. Thereby a relatively constant 
level of cations was maintained within the plants receiving identical K 
treatments. The milliequivalents of K, Ca, and Mg for each site-year 
are given in Table 26. 
Table 26„ Mean mzLSl^ieqialvalants of K, Ca, and Mg in com leaves fo? the respective K and plant 
population traatmemts at individual sites in oaeh year 
Meq/lOO g 
( rate 
lb/A 
Population 
ILOOO plantai/A 
1972 1973__ 
"Total 
1974 
IK Ca Mg Total K Ca Mg K Ca Mg Total 
CHEF 
0 10 33.1 28.0 39.6 100.7 37.4 33.9 46 0 9 118.2 28.6 32.2 57.4 118.2 
20 33.3 24.7 38.2 96.2 38.3 32 06 53o6 124.5 28.4 30.3 62.2 120.9 
30 32.8 24.4 40.1 97.3 37.4 30.9 50 o& ;LI9.I 26.7 30.5 68.3 125.5 
40 29.7 25.8 45.0 100.5 35.0 28.7 56 o3 120.0 25.9 30.9 73.4 130.2 
50 10 33.5 24.0 28.1 90.6 49.8 31.0 43.4 :L24.2 43.6 26.7 33.7 104.0 
20 33.1 21.9 31.1 91.1 49.6 29.3 50.1 129.0 40.8 26.8 45.0 112.6 
30 3!t.4 22.4 35.5 92.3 47.2 27.9 47»!) 122.6 36.3 28.2 52.8 117.3 
40 3^.0 22.3 36.9 93.2 43.8 27.3 49.9 121.0 33.5 28.0 58.0 119.5 
200 10 43.4 19.4 22.1 84.9 60.7 25.9 26.8 113.4 54.1 22.7 24.3 101.1 
20 42.8 19.2 23.8 85.8 60.3 24.2 28.7 113.2 53.0 23.3 32.7 109.0 
30 42.7 19.0 24.3 86.0 60.7 23.4 31.4 115.5 52.1 22.9 34.3 109.3 
40 41.1 18.7 26.3 86.1 59.0 22.0 32.8 113.8 50.6 23.3 36.3 110.2 
WI.EF 
0 8 40.6 29.4 38.8 108.8 35.3 26.4 44.3 106.0 39.9 31.6 50.5 122.0 
16 39.1 26.1 39.2: 104.4 35.2 23.9 44.8 103.9 37.2 34.1 65.2 136.5 
24 39.7 25.7 40.1 105.5 37.8 23.8 47.6 109.2 37.4 30.8 62.9 131.1 
32 37.8 26.1 46.2 110.1 36.1 24.6 55.1 115.8 34.6 29.9 66.9 131.4 
Table 26 , (Osntimiei) 
K rate 
Ib/A 
Population 
1000 plant 15/A "K 
-1222 
Ca Mg 
50 a 41.7 29.0 39.? 
16 41.5 Îi6.4 43.7 
24 44.0 23.9 38.2 
32 4-1.9 23.3 4O.:L 
200 8 51.7 ÎÎ4.9 27.(3 
16 53.2 23.5 30.5 
24 tîl.l 22.5 3I.1S 
32 50.9 21.6 31.7 
0 10 19.2 33.7 79.5 
20 :L8.6 ;28.4 78.7 
30 19.4 28.1 77.. L 
40 18.2 26.3 76.5 
50 10 26.5 30.8 560 2 
20 27.8 26.5 56«6 
30 31.4 24.5 51«3 
40 30.5 23.7 
200 10 41.9 23.1 30.3 
20 44.2 20.8 30,1 
30 45.3 19.9 29.6 
40 46.8 18.7 29.2 
Total 
10îfr,2 
107.2 
105.2 
lOlk.2 
Mea/lOO tf 
Ca 
2222-
110.4 40.6 
111.6 37.8 
106.1 :)9.5 
105.3 40.0 
i51.9 
#.4 
52.4 
52.8 
SEEF 
Mg Total K 
22.9 
20.5 
20.3 
21.0 
1074 
Ca Mg Total 
29.9 
33.'^  
36..5 
41.5 
19.5 21.3 
19.0 23.7 
18.5 25.0 
17.6 26.3 
93.4 
91.7 
96.3 
102.5 
92.7 
96.1 
95.9 
96.7 
47.2 
43.6 
42.5 
41.7 
60.0 
60.5 
60.7 
59.0 
29.2 
31.3 
29.5 
29.9 
24.8 
26.2 
26.2 
26.4 
44.5 
59.9 
58.4 
61.5 
24.8 
35.0 
38.1 
42.9 
120.9 
134.8 
130.4 
133.1 
109.6 
121.7 
125.0 
128.3 
8 
132.4 
125.7 
124.6 
121.0 
113.5 
110.9 
107.2 
106.6 
95.3 
95.1 
9'4.8 
94.7 
Table 26. (Continuad) 
K rate Population 1972: 
Ib/A 1000 plant s/a K Ca 
10 
20 
30 
40 
50 10 
20 
30 
40 
100 10 
20 
30 
40 
200 10 
20 
30 
40 
Total K 
AF 
32.0 
32.7 
31.8 
29.5 
44.0 
41.9 
40.6 
38.4 
49.4 
45.7 
44.7 
43.6 
54.7 
53.2 
50.6 
50.9 
Moq/lOO fi: 
1973 1974 
Ca Mg; Total K Ca Mg Total 
31.2 49.5 112.7 32.0 31.6 42.1 105.7 
27.5 5iv.l 114.3 29.7 29.0 44.6 103.3 
27.8 59.3 118.9 27.1 31.8 52.4 111.3 
28.0 61.6 119.1 26.7 31.8 54.3 112.8 
25.1 33.5 102.6 39.3 30.2 32.8 102.3 
24.5 43.9 110.3 37.0 27.8 38.0 102.8 
24.2 48.6 113.4 37.6 28.4 39.7 105.8 
24.1 51.0 113.5 34.2 30.6 45.3 110.1 
23.4 27.1 99.9 45.1 26.2 27.9 99.2 
23,4 38.3 107.4 42.1 27.3 34.6 104.0 
22.8 42.4 109.9 39.8 27.7 37.5 105.0 
22.1 41.7 107.4 38.7 28.0 38.9 105.6 
21.7 22.5 98.9 48.1 24.4 23.9 96.4 
21.1 29.4 103.7 45.1 25.4 31.4 101.9 
21.3 35.7 107.6 44.2 25.4 33.0 102.6 
21.1 35.9 107.9 43.4 26.6 34.7 104.7 
§ 
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Figure 15 illustrates the above relationship for the CWEF site in 
1972, At the 200 pound per acre K rate leaf K decreased from 43.4 meq/lOO g 
at the 10,000 plant per acre stand to 41.1 meq/lOO g at the 40,000 plant 
per acre stand, leaf Ca decreased from 19*4 meq/lOO g to 18.7 meq/lOO g, 
and leaf Mg increased from 22,1 meq/lOO g to 26.3 meq/lOO g. The total 
milliequivalents of K, Ca, and Mg were 84.9, 85.8, 86.0, and 86.1 meq/lOO g 
for the 10-, 20-, 30-, and 40,000 plant populations, respectively. 
As K fertilizer rates were increased, a significant reduction in 
percent leaf Mg occurred. Percent leaf Mg, averaged over all population 
treatments and all site-years decreased from 0.654^ for the check plots to 
0.356^ for the 200 pound per acre K treatments. These leaf Mg percentages 
appeared to be adequate for maximum yields. 
The total milliequivalents of K, Ca, and Mg decreased significantly 
with increasing K fertilizer rates. The yield response associated ^ ith K 
applications probably caused a dilution of eleasnts. Figure 16 illustrates 
the effect of K fertilization on the milliequivalents of K, Ca, and Mg at 
the AF site in 1974. At the 30,000 plant per acre population the sums of 
the cations were 111.3» 105*8, 105*0, and 102.6 meq/lOO g for the 0, 50, 
100, and 200 pound per acre K rates, respectively. The ranges for 
xndu.'^uual ôtttxoriâ wôpô 27.1 îSôq/lOO g to 44.2 zisq/lOO g, 31>^ mcq/lOO g 
to 25.4 meq/lGG g, and ^.4 mw^/lvO g tw 33»0 îusq/lOO g for K, Ca, arri 
Mg, respectively. 
The ratio of K to (Ca + Mg) was determined for each site-year of data 
(Table 27). Potassium fertilization increased the K to (Ca -S" Mg) ratio 
while plant population decreased the ratio in most cases. 
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Figure 15* The ndlUequivalenee of K, Ca, and Mg in com leaves as 
influenced by plant population for the 200 pound per acre 
potassium rate at the CWEF site in 1972 
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Figure 16. The milliequivalents of K, Ca, and Mg in corn leaves as 
influenced ty K fertilization for the 30,000 plant per 
acre population level at the AF site in 197^  
Table 2.7. Mosn etitdon inillioqiii mlont ratdlos in com lea-yes for the respective K and 
plfint i)opula-tion traa'tmonta at :Lndividual sites in each year 
K to (Ga + Mg) meg/meg 
K r&te 
Ih /k  
Population 
1000 pLints/i. I9?:r 
iJWEF 
1973 1974 1972 
WEEP 
1973 1974 
SIEF 
1972 
AF 
1973 1974 
0 ]lO* 0.49 0.47 0.32 0.62 0.50 0.51 0.17 0.41 0.46 
20 Oc53 0.46 0.32 0.63 0.52 0.40 0.17 0.41 0.41 
30 o„5> 0.47 0.23 0.62 0.55 0.41 0.19 0.37 0.33 
0.43 0.43 0.25 0.55 0.46 0.37 0.18 0.33 0.31 
50 10 0.75 0.68 0.72 0.61 0.77 0.68 0.31 0.75 0.63 
:>o 0.7% 0.64 0.57 0.61 0.71 0.50 0.34 0.61 0.58 
30 0,60 0.63 0.45 0,72 0.70 0.49 0.42 0.56 0.56 
40 0.59 0.57 0.39 0,67 0.65 0.47 0.41 0.52 0.46 
100 10 0.98 0.85 
20 0.78 0.69 
30 0.69 0.61 
40 0.69 0.58 
200 10 1.05 1.16 1.16 0.99 1.261 1.22 0.79 1.24 1.01 
20 1.01 1»14 0.95 0.99 1.27 1.01 0.89 1.07 0.79 
30 1.00 1.12 0.92 0.95 1.22 0.95 0.92 0.89 0.76 
40 0.91 1.08 0.86 0.96 1.20 0.86 0.98 0.89 0.71 
^PopuLitions at the WIEF alto were 8-, 16-, 24-, and 32,000 plants per acre. 
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Soil Test 
Soil samples were taken from the 0 to 6 inch layer of each whole 
plot prior to each fertilizer application. Mean soil test values for 
each K fertilization treatment are shown in Table 28. The levels of 
exchangeable K in the check plots at each site varied with time. The 
exchangeable K level of the soil in the check plots varied by as much as 
37 pounds per acre in a one-year period. While some of the variation 
was îîïîdoubtedly due to sampling and analytical error, it appears that 
time of sampling, moisture conditions at the time of sampling, and 
length of storage of the samples also contributed to the variability in 
exchangeable K. 
Additions of 200 pounds of K per acre annually were found to 
increase the exchangeable K level in the soil at all locations. The 
100 pound per acre K rate increased the level of exehangeabls K in the 
soil at the AF site* The duration of the experaaent was not sufficient 
to detemins the effect of the 50 pound per acre K z%te on the accumu­
lation or decline of exchangeable K in the soil. However-, it appears 
that this rate may be large enough to cause significant increases in 
the exchangeable K level at the AF site. 
The exchangeable K level of the soil in ths chsck plots at the 
teKaination of the experiment was subtracted from the exchangsablc K 
level in the plots receiving 200 pounds of K per acre in order to 
determine the increase in exchangeable K resulting from fertilizer 
additions. The total pounds of K applied per acre was then divided by 
Table 28» Soil test values for soil 
K additions 
Soil K rate P K 
Type lb/A (pp2m) (pp2m) pH 
0 
Sparing 1971® 
Webster 0 Ifr]. 124 7.0 
Sicl 50 12? 6.9 
200 128 6.9 
k 
•fall 1.974' 
0 81 96 6.3 
50 73 117 6.2 
200 7(S 255 6.3 
0 
Spring 1971 
Bdina 0 26 70 6.9 
Sil 50 19 71 6.9 
200 23 69 6.9 
a 
Iiidicabes tiLma of sampling. 
simples taken prior to fer'tilization and taken after annual 
P K P K P K 
(pp2m) (ppIZm) pH (pp2m) (ppZm) pH (pp2m) (pp2m) pH 
Number of K additions 
1 2 1 
Fall 1971 Fan 1972 Fall 1973 
76 123 7.0 74- 104 6.9 72 83 6.5 
75 123 6.7 83 125 6.9 70 99 6.5 
74 15? 7.0 82 223 6.9 67 155 6.6 
1 2 
Spring; 1972 Fall 1972 
38 82 6.9 40 65 6.9 
35 6.9 ^3 81 6.9 
39 M 6.9 42 136 6.9 
Table 28 • (CJontlrucxi ) 
Soil K rata P K P K 
(ppZgi) pH CppSm) (pp2m) pH 
Monona 
Sil 
Webstar 
Sid 
Sp:ping 1972 Eall 1972 
Ida 0 6 123 7.5 6 112 
Sil 50 14 99 7.5 14 96 
200 7 105 7.4 7 124 
7.5 
7.5 
7.5 
Spring 1972 Fall 1972 
0 112 7.2 99 7.2 
50 4:2 117 7.3 42 1C3 7.2 
200 42 122 
n 
7.3 41 155 
1 
7.2 
Spring 1973 
âk 
Fall 1973 
0 17 127 6.5 45 90 6.0 
50 16 131 6.5 56 105 6.0 
100 19 115 6.4 49 13-5 5.9 
200 1'+ 119 6.5 52 13.4 6.0 
P K P K 
(pp2n.) (pp2m) pH (pp2m) (pp2m) pH 
2 
Spirfjig 197^ 
9 115 7.9 
23 99 8.0 
20 195 8.0 
2 
Spring 1974 
70 97 7.2 
56 113 7.2 
64 189 7.2 
2 
Fall 1974 
48 117 5.9 
53 147 6.1 
53 172 6.0 
44 201 6.1 
1 
Fall 1974 
12 130 8.1 
21 123 8.1 
18 261 8.1 
1 
Fall 1974 
65 97 7.0 
54 131 7.3 
51 229 7.1 
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the increase in exchangeable K per acre to detemine the pounds of 
fertilizer K required to increase the exchangeable K level 1 pound per 
acre* Potassium additions of 5*0» 5«6, 4.5, and 4,8 pounds were required 
to increase the exchangeable K level 1 pound for the CWEF, SIEF, WEEF, 
and AF sites, respectively. These results are in agreement with those 
of Hanway et al. (1962). 
Economics of Potassium Fertilization 
The 1972 and 1973 yield data from the WIEF site were combined to 
detejssine the effects of changing K and com prices on the economic 
optimum K rate per acre. Data from other locations represented different 
hybrids each year and were not selected. A multiple regression equation 
relating yield to plant population and K fertilization was fitted to 
the data. The stand level required for maximum yield was substituted into 
the equation and a yield response curve to K fertilization was obtained. 
The equation was as followss 
Ï = 132.71 + 9.82K - l.lyK^  
where Y and K are grain yield and coded K fertilizer rate, respectively. 
A maximum yield of 153 bushels per acre was predicted at 164 pound of K 
per acre. 
Table 2° shoîîs the most profitable rates of K for various grain 
and K prioeso These rates are somewhat less than that required for 
maximum yield. The difference between the most profitable rate and the 
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Table 29• Potassium (K) rates required for com to obtain maximum 
profit at the WIEF site 
Com price - KgO - cents per lb 
dollars per bu ^ 6 8 
$1.50 125 no 91 
$2.00 134 116 110 
$2.50 139 129 119 
$3.00 142 133 125 
maximum yield rate narrows as grain prices increase or K fertiliser 
prices deerease. %.th com at 2 dollars per bushel, the most profitable 
rate declines only 24 pounds if K cost doubles from 4 to 8 cents per 
pound. 
tfàth vajying K ând corn prlcêâ but & constant ratio bstvssn ths 
t%o» the most profitable K rate remains constante For example, if the 
cost of K increased from 4 to 8 cents per pound and the price of corn 
increased from $1.50 to $3»00; the most profitable rats -would raaain at 
125 pounds of K per acre. 
The most profitable K rate will vB.ry from year to year, of coursa, 
ueoauae of variations in pries ratios and the many factors that influence 
yields. Farmers muse corisluwr- the cost of fsrtilissr szd other 
production inputs in terms of expected increase in yields and profits. 
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SUMMAKC 
The effect of K fertilization and plant population upon the 
performance of several com hybrids was studied at four sites during the 
1972, 1973» and 197^ growing seasons. The field experiments were located 
on Webster silty clay loam, Ida-Monona silt loams, Edina silt loam, and 
lufobster silty clay loam soils in northcentral, western, southern, and 
central Iowa, respectively* Potassium treatments up to 200 pounds of K 
per acre ware applied to the whole plots and plant population levels 
up to 40,000 plants per acre were used as subplot treatments in a split-
plot design for each experiment» The K fertilizer and plant population 
treatments were applied at the same rates each year to the same plots. 
A multiple-ear hybrid was used as the test crop in 1972 and 1973 aM a 
single-ear hybrid was used in 197^« Prior to each fertilization, soil 
samples were taken from the 0 to 6 inch layer of each plot and the 
nutrient status of the soil was determined by measurement of available 
P, exchangeable K, and soli pH. C-rais yields, percent lodging, stalk 
quality characteristics, and chemical analysis of leaf samples collectad 
at silking time wsrs used as the main criteria for evaluation of 
treatment effects. 
Each site-year of data was analyzed individually* Analysis of 
variance, multiple regression, and correlation Hsrs used to determine 
overall treatment affects» 
Plant population influenced yields, percentago of barren and 
multiple-eared plants, lodging, stalk quality characteristics, and com 
leaf analyses. 
120 
The plant population required for maximum yield varied with year 
and site. In general, the intermediate populations of 20,000 or 30,000 
plants per acre were most effective. The multiple-eared tendency of the 
prolific hybrids was strong at the lower populations bat became nil at 
the higher populations. 
Despite the increased ear set, top yields were not obtained at the 
lowest populations of 8-, to 10,000 plants per acre, indicating that the 
hybrids could not totally compensate for reducing the stand to these 
levels, hybrid selection was restricted due to the limited availability 
of seed in quantities required for these studies. As a result, the 
performance of the prolific hybrids may not have been representativa of 
some of the better genetic material being developed at the present time. 
The percentage of barren plants increased significantly as plant 
population increased. The number of barren plants of the prolific typo 
at the highest plant population was relatively small compared to 
single=i©ar hybrids. This suggests that an advantage of the multiple-
eared hybrids i« their resistance to barrenness at higher stand levels. 
Plant lodging increased with increasing plant populations,as was 
expected. The percentage of lodged plants at harvest time varied 
widely with sits and season; ranging from 2 to yO^ at the highest stand. 
At the AF site in 1974 plant population significantly affected 
intarnode diameter, pith condition, and breaking strength of the second 
intemode of stalk. There was a decrease in stalk diameter, increase in 
dead parenchyma tissue in the pith, decrease in breaking strength, and 
an increase in stalk lodging as plant density increased. 
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Quantities of individual ions in com leaf samples tended to vary 
with plant population treatments. Leaf K, Ca, N, and P decreased while 
Mg increased with increasing plant population, probably due to the 
increased competition of individual plants for nutrient supplies. Leaf 
Mg increased with increasing population and seemed to be more strongly 
influenced the level of K and Ca in the plant. 
Potassium fertilization influenced yields, lodging, and com leaf 
analyseso Yield responses varied considerably among sites and years 
but were generally proportional to the level of exchangeable K in the 
soil. 
Maximum com yield responses to K fertilisation were in the and 
15-bushel range at the CWEF, AF, and WEEF site, all of which tested low-
in K. On the very low testing SIEF site, response reached approximately 
30 bushels. Responses were generally largest at the plant populations 
supporting the higher yields. In all cases, decreasing returns at 
higher rates of K application were observedo The wide spread between 
the two K rates used at three sites made it difficult to determine the 
rates required for the maximum yield. The $0 pound per acre rate was 
intended to be on the steep part of the response curve %hlla the 2ÔQ 
pound rete was beyond recommended rates. 
Potassium fertilizer treatments significantly àxfectôd barrenness 
at the SIEF site in 1972 and the AF site in 1973« As K fertilizer rates 
increased, barrenness was reduced from 20s8^  to 6,2^  and from 3^ .9$ to 
19.1# for the SIEF and AF sites, respectively. 
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The lodging problem associated with higher populations was reduced 
significantly by K fertilization. At the highest plant population 
lodging averaged 32, 25, 17» and 1$^ for the 0, 50» 100, and 200 pound 
per acre K rates, respectivelyo Potassium rates in excess of those 
required to produce maximum yield seemed to have little additional 
effect on lodging. 
Leaf K increased but Ca, Mg, N, and P decreased with increasing 
rates of K fertilization. Added K deereaaed the sma-ef the cations in 
the leaf and increased the K to (Ca + Mg) ratio. As these shifts 
occurred, yields were increased. 
From these data it appears that com yield responses to K 
fertilization can be fairly well predicted from the level of exchangeable 
K in the soil regardless of the soil type involved. On soils testing 
medium or less, profitable yield increases can be sxpsctcd frer. added K 
fertiliser® 
Potassium fertilization can also be expected to reduce plant 
lodging due to the poor stalk quality often assooiatsd -with heavy N 
fertilization, high plant populations, and other intensive management 
practices. This improvement in stalk quality can be sxpsctsd to occur 
largely in the range of yield yesponsivsnsss te Ka 
Additional work is needed to Identify ths chcsioal and physiological 
mechanisms responsible for the influence of K on plant quality. 
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Table 30, Com yields per plot for the respective K and plant 
population treatments at individual sites in each year 
BU/A at 19.9# moisture 
K rate Population Block 
lb/A 1000 plants/a 1 2 3 4 5 6 
CWEF, 1972 
0 10 107.9 95.0 92.9 102.4 98.9 93.1 
20 132.2 123.0 119.5 127.5 120.1 116.4 
30 124.7 129.9 123.0 114.5 117.2 120.7 
40 114.6 116.2 116.5 124.7 115.2 123.4 
50 10 102.0 108,2 102.4 103.0 99.8 102.7 
20 124.7 130.0 133.6 127.7 121.0 135.7 
30 132=4 136,3 129.0 121.2 127.2 122.8 
kO 122.9 118.8 123.1 120.5 119.3 115.5 
200 10 115-7 116.8 113.2 117.2 107.1 103,8 
20 142.8 136.8 132.9 139.2 129.8 124.5 
30 143.8 130.6 133.5 144.3 132.9 132.5 
40 149.5 132.4 129.7 119.7 128.0 125.2 
WIEF, 1972 
0 8 103.8 94.1 96.1 104.1 93.2 92.2 
16 139.3 135.2 117.7 136.0 118.9 139.7 
24 151.5 154.8 110.8 157.5 154.7 146.7 
32 151.0 140.8 140.5 151.4 136.9 137.1 
50 8 103.0 93.6 101.9 107.0 100,5 105,7 
16 152.7 142.6 145.3 135.1 144.1 145.6 
24 151.6 153.9 151.1 135.9 150.8 170.9 
32 157,3 143.5 137.5 148.9 155.9 144.7 
200 a 107.9 109.8 102.9 101.0 95.8 101.9 
16 13s.4 151=6 139,7 138.1 135.9 144.7 
24 154.4 I6I.3 162,4 142.5 172.6 157,0 
32 156.5 155;2 162=1 159.6 157.4 164.8 
SIEF, 1972 
0 10 96.7 86.0 103.8 109.2 101.0 117.7 
20 128.0 133.4 101.6 124,0 141.2 107.3 
30 144,3 16808 142.2 139.1 130,5 104,4 
40 123.0 128.7 141.2 132.8 145.0 131.6 
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Table 30» (Continued) 
Bu/A at 19.S# moisture 
Block 
lb/A 1000 plants/A 1 2 3 4 5 é 
50 10 82.0 129.2 112.2 121.3 104.3 98.3 
20 147.2 136.5 138.6 142.0 148.0 155.5 
30 161.9 146.7 163.8 164.8 160.8 158.0 
40 153.7 149.6 157.3 156.8 148.9 130.0 
200 10 108.7 129.0 109.5 106.0 114.3 113.6 
20 152.4 155.7 157.7 155.7 157.2 163.9 
30 164.1 168.1 155.5 161.9 189.5 164.2 
40 159.5 151.9 157.3 149.2 133.6 164.9 
CWEF, 1973 
10 
20 
30 
40 
109.3 98.9 103.5 102.8 92.3 
151.5 142.5 129,0 136,5 144.3 
151.1 130.3 126.2 126.7 131.4 
112.2 88.5 124.5 147.8 115.9 
102.3 
131.3 
125.0 
122.4 
50 10 
20 
30 
40 
104.0 
129.3 
141o9 
110.9 
112.1 
137.9 
UZSeJ  
109.9 
127.4 
138.7 
102.4 
125.3 
I3S.3 
120.1 131.9 131.7 
113.6 
124.3 
124.8 
125.2 
105.3 
155.0 
133.4 
117.3 
200 10 
20 
30 
40 
117.2 107.7 99.5 
144.6 122.1 115.8 
168.5 1-9=9 1-5=9 
135.4 119.9 128.3 
104.7 
137.1 
T CT Û 
114.5 
104.2 
139.5 
noli, n f 
136.5 1' 
108.0 
130.9 
Taa T 
44,2 
VttEF, 1973 
0 D 100.4 106.6 101.1 105.6 98,1 102.7 
16 128.9 131.3 124.3 144.8 118.4 135.3 
24 130=1 153=1 120.8 126.2 148.7 124.4 
32 123.9 140.1 131.7 140.6 110.9 125.8 
0 111.6 106.7 117.0 TAG O 103=0 103.3 
16 141.7 135.8 127.3 120.4 126.8 133.1 
24 143,3 139.6 133.5 137.4 135.0 132.0 
32 152.4 135.4 134.8 131.2 137.1 133.3 
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Table 30» (Continued) 
Bu/A at 15.9# moisture 
K rate Population Block 
lb/A 1000 plants/A 1 2 3 4 5 6 
200 8 102.7 108.1 106.6 119.4 102.1 112.5 
16 131.0 151.0 141.6 129.7 129.7 128.8 
2k 143.1 163.5 152.2 145.5 133.5 142.0 
32 133.2 140.3 145.2 128.3 140.1 129.9 
AF, 1973 
0 10 96.6 96.7 103.1 94.4 87.5 100.8 
20 99.1 121.4 106.4 100.3 122.8 119.6 
30 104.5 117.2 104.0 98.1 93.1 123.6 
40 ?1,0 85,8 65*6 68.0 88.8 109.2 
50 10 99.9 95,3 95.2 95=2 100,1 103,8 
20 134.6 106.0 117.5 126.5 109.8 113.3 
30 108.0 109.9 111.9 115.9 111.4 98.3 
40 87.9 92.3 86.2 104,3 107.7 105,1 
100 10 98.6 98.6 105.5 89.8 111.4 92.9 
20 128.2 131.3 122.1 113.7 131.6 136.3 
30 1ÛS.6 126.2 116*9 110.0 LcXo V 125e2 
40 95.8 103.2 101.4 94.6 90.6 114.0 
200 10 92,8 88,9 99.7 94.2 98.9 90,6 
20 121,4 115.9 123.8 136.8 128.5 124.6 
30 iOy.z ii3.5 iCv.o 7 XJLC # y 
40 144.0 81.5 110.0 109.4 121.9 109*2 
CWEF, 1974 
0 10 90.0 84.5 84.9 88.9 81.5 86.2 
20 107.1 86.8 118.5 114.5 97.3 95.7 
30 101.4 110.9 101.7 llli5 94=0 101=8 
40 79.8 91.2 83.6 79.0 88.3 75.2 
50 io 96.3 91.2 95.6 91.1 90,4 91.4 
20 110.5 118.3 111.9 115.6 111.8 108.2 
30 118.4 116.2 130.5 116.9 94.1 120*2 
40 71.5 103.5 82.2 92.0 98.0 84.8 
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Table 30. (Continued) 
K rate 
Bu/A at 19.9^ moisture 
Block 
lb/A 1000 plants/A 1 2 3 4 5 6 
200 10 93.3 95.9 115.2 96.3 93.5 90.7 
20 119.8 115.4 120.2 123.0 115.4 116.1 
30 118.0 86.4 110,0 97.4 119.8 112.9 
40 101.1 93.3 101.1 110.5 96.5 76.9 
WIEF, 1974 
0 8 91.3 91.2 78.2 86.6 83.4 95.0 
16 91.1 95.5 80.5 105.2 81,1 91.7 
24 20.4 77.2 41.4 89.6 68.3 90.6 
32 22*1 17.6 43,4 62,4 31.6 69.1 
50 8 86.5 81.2 97.5 78,0 80,6 91.4 
16 86.1 98.4 85.7 77.7 50.1 103.6 
24 58.9 46.1 67.0 48.4 48.8 72.3 
32 36.1 35.1 28.6 50.6 33.0 56.2 
200 8 90.2 90.7 92.3 98.0 90.5 85.9 
16 68.5 116.9 94.9 103.6 112.3 78.9 
24 53.1 54.1 94.3 87.2 46.6 75.7 
32 10,2 42,7 42,7 56.8 40.8 37.3 
AFj 1974 
0 10 96.3 IQb.O 93.0 Î M J a J  iUO « V 
20 135.1 142.7 134,0 137.0 135.9 145.0 
50 
inn 
30 
40 
10 
20 
30 
40 
10 
20 
30 
40 
145.1 
142.1 
98.3 
105.7 
104.6 
105.5 
129.2 
119.8 
98.7 
132.7 
158.6 
151.0 
130.9 
95.6 
140.9 
153.9 
147.4 
137.4 
98.3 
141.3 
150.5 
144.4 
105.4 
101.8 
137.4 
132.3 
142.8 
113.7 
102.2 
135.3 
^45.5 
132.2 161.9 129.2 133.4 142.4 
103,5 97.4 98.5 94.3 109.0 106.8 
121.5 130.3 157.4 l46o5 141.9 145.7 
126,4 154,5 151,4 157.2 137.5 147.2 
129.2 155.3 158.6 159.5 131.1 146.3 
136 
Table 30. (Continued) 
Bu/A at 19.9# moisture 
K rate Population Block 
lb/A 1000 plants/A "~1 2 3 5 ~5 Z 
200 10 
20 
30 
40 
96.1 101.3 95.8 111.7 102.5 104.0 
148.2 139.2 145.7 163.0 138.4 150.1 
147.0 155.1 160.0 162.4 149.6 143.7 
143.0 157.3 159.0 147.1 126.8 149.2 
